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Primary Immunodeficiencies Caused by Defects 
of Cytokines and Cytokine Receptors 

VolkerWahn 



1. Introduction 

The immune system responds to antigenic stimulation with a complex array 
of molecular events involving antigen-presenting cells, B-cells. T-cells ? and 
phagocytes. Cytokines and their respective receptors are intimately involved 
in regulating sueh immune responses. Their pivotal rule ean be illustrated 
in animal models for which certain cytokines or their receptors have been 
deleted. 

It is beyond the scope of this review to discuss our knowledge on growth 
factor or receptor deficiencies derived from animal models. I would rather 
like to focus on observations in children with selective molecular defects. For 
example, pulmonary alveolar proteinosis in some patients has been found to be 
associated with mutations in the genes for granulocyte macrophage-colony- 
stimulating factor (GM-CSF) receptor p-chain, which is shared with receptors 
for interleukin (IL)-3 and IL-5. Certainly, in the future we should be aware of 
further pathogenic mutations in humans that, to date, have been demonstrated 
in experimental animals only. 

The majority of mutations in cytokine or cytokine receptor genes result 
in inherited immunodeficiencies. Our current knowledge on such disorders, 
therefore, will be summarized. 

2. lnterleukin-1 

There is one report on defective IL-1 production associated with immuno- 
deficiency with some evidence of familiarity (1). The siblings described 
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suffered from fungal infections similar to patients with chronic mucocutaneous 



candidiasis and from bacterial infections. Monocytes of the two patients once 

* 1 1* 1 * 1 * 1 1* 1 1*1 /"T T^ /"I \ * 1 * 1 1 

stimulated in culture witn either npopoiysaccnariue (Lro) or snica prouuceu 
<1% of IL-1 compared with either normal cells or cells from patients with 

1 * 1 J*"* * * A. * 1 * 1 T^X. Tk. ~T" A 1 1 

otner immunodeficiencies, appropriate stuuies on tne i>tn/\ icvei were not 
performed to date and the molecular basis of this deficiency remains to be 



ClUUlUClLCU. 



2.7. IL-1 Receptor 

The first report on a possible abnormality of the IL-1 receptor probably 

^i~vrrn<zio rrnm I rin at ol if I A 111 xrr <"vl r\ r\r\\T i^7itVi ra/ii i TM-i^k -n t~ mfa^tirvno rio/"i o 
^Vlll^O 11U111 V11U V^t Cll. \A } . r-V 1U _ J 1 _ U1U UWJ VV 1L11 1WVU11H1L llll^^UUllO HCUa CI 

nr\rmol D ot-i/~I IP /^»<zill r\ nanrvti ft-\i2i o-n/H n rvrm o I -irmm ■ i r-»/~*rrl i~vl-\i i 1 -i-n o I— li c /^i2vllo in ^ ti trt^\ 
llVJllllCll ±J~ ClllU 1~VH1 L/ll^llV^tV pv^ Clllia 11W1111C11 lllllllUllUglUUUllllO. lllO ^HIO 111 V 1C1V7 
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iiuiiiitu ±j ctuvi i ^v/ii yji±\sii\JK.y pv^ cuici iiwiincn iiiiiimiivcivuuiiiio. ma who iu 

had a diminished response to mitogens and an absent response to antigens 

nrr\niir>f"ir\ri nroc nr\rmn\ T^f" 1 ^!! l-\lcictc "rr/~\m tnp notiAtit iij^t - !^ linonlp t/~\ oKcr\rn nut 

U1UUUVUV11 VV CIO 11V1111U1. 1 V/Vll U1UOU 11U111 CAIV^ L/UUVlll. VYVIV U11UU1V CV^ UUJU1U WCIC 

IL-1 activity from an IL-1 preparation that may possibly be explained by the 

Ul/JVllW \J±. U1V IVVVIJIUI \^-L I* IIIWIVVUIUI UltVlUHVll H1U1111 U1V IVWUlVli 

Another report in the literature describes a 15-yr-old girl with recurrent 

V\cir'tf i ri qI inf<=»r , tirmc M/hoci^ r'P'llc r\\r\ not rvrriHiir'^' tnmnr np'r'rricic fdr'trvr fTMT^ 

l^/M,V/ WA J-tt-L 1111VVUV11IJ TT 11VUV VWJ-L VJ VllU 11VV l_/ A V^ VA tl VV^ VW111V1 11V V/J- V^ U A U AUVVV^A \ A J_ 1A F 

upon stimulation with several stimuli including IL-1 (3). The molecular defect 

wnc ficciimprl tn hp localized earlv in the ^icmal tr^nQrhirtinn nathwav not 

necessarily in the receptor; however, appropriate studies to identify the defect 
nn fhp molecular level were not performed ^^ to H^tp infnrrrmtinn nn IT -1 
receptor deficiencies are restricted to thnsp derived from IT -1 receptor knockout 
mice and have no real correlate in humans yet. 

2.2. lnterleukin-2 

Two tvnes of nrimarv TL-2 deficiencv should be distinguished: selective 
IL-2 deficiency and IL-2 deficiency as part of multiple cytokine deficiency. 
Both will be discussed senaratelv. 

2.2. 1. Selective IL-2 Deficiency 

Weinberg and Parkman (4) reported on a male infant with T+B+ SCID. IL-2 
production was markedly deficient. mRNA encoding interferon (IFN)-v was 
present at normal amounts, whereas that encoding IL-2 was completely absent. 
On the DNA level, no defects related to structural genes or the promotor or 
enhancer region could be identified. Bone marrow transplantation (BMT) was 
attempted, but the child died as a result of hemorrhagic pancreatitis. A similar 
case has been published with mainly similar findings (5). 

Further cases with analogous findings have been published thereafter. 
Remarkable may be the case of Sorensen et al. (6) because the boy they 
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Fig. 1. After binding of IL-2 to IL-2R JAK1 associates with the P-chain and JAK3 is 
constitutively associated with 7c. Next, tyrosine phosphorylation occurs in both JAKs 
and IL-2RP before STAT5 is activated (phosphorylated), dimerized, and transferred to 
the nucleus, where it can bind to DNA at the appropriate site. 



described was 15 yr of age at diagnosis. The molecular basis for absent IL-2 
synthesis in all these cases is still unclear. 

2,2.2. Multiple Lymphokine Deficiency 

Pahwa et al. (7) described a with T+B+ SCID whose cells were unable 
to secrete appropriate amounts of IL-2 in response to cellular stimulation. 
Other cytokines were initially not measured. Two attempts to correct SCID 
by bone marrow transplantation failed, but the child responded well to in vivo 
administration of recombinant IL-2. This child was further studied by Chatila 
et aL (8). The authors found that in addition to IL-2, the synthesis of IL-3, 
IL-4, and IL-5 was grossly deficient, and IFN-y was secreted at moderately 
decreased amounts. GM-CSF was produced at normal levels. In 1993, the 
same group presented the molecular basis of this defect (9): Nuclear factor 
of activated T-cells (NF-AT) did not appropriately bind to both its response 
element in the IL-2 enhancer and an NF-AT-like response element in the IL-4 
enhancer. To date, however, no mutation has been reported explaining this 
phenomenon. 

2.3. IL-2 Receptor 

The structure and function of the receptor is briefly summarized in Fig. 1. 
It is composed of an a-chain (CD25), a p-chain (CD122), and a y-chain 
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(luijz) snareu oy many niLerieuKiii recepiors (IL-4, 1L-/, 11^-^, ii^-ij) anu 
is thus called common y-chain. Deficiencies of all three receptor chains have 
been identified in humans. 

2.3. 1. IL-2 Receptor a-Chain Deficiency 

This disorder was first reported by Sharfe et al. (10). The affected patient 
presented with cytomegalovirus (CMV) pneumonitis, oral thrush and Candida 
esophagitis. He had low normal numbers of T-cells but normal B-cell function. 
iviiLugtii suiiiuiimuii was iuw anu uumu hul uc iiiuicascu vy liic aauiuun ui ij^-Z. 

There was an excessive T-cell infiltration of several organs accompanied by 

uasuc auuuny cuiu inflammation, 111c; CnilQ was ^u^cssiuii) uqcilcu uy uivii. 



J^fc .l"*-*-^ /"I .^^ J^* <■ i ^^-*-^ J^fc .^^ 



inc iiiuic^uiai uasis was a truncation iiiutauuii ui v_,j_vz,j. rvs a wuiiscqudiwc; 



of this mutation, apoptosis in the thymus was decreased, which might impair 

iicgauvc acitLLiun \±±/. rvuiuitatuvt a-vc^li ^iuii^s niaj itavt tut uiyinus anu 

infiltrate tissues as a sort of an autoimmune process. 

2.3.2. IL-2 Receptor/1 L- 15 Receptors-Chain Deficiency 

xiittn^ujviii-i^ is ^sst^iiuai iui natuiai jviiici v,^l>a^^ Ceil utvt^iupiii^nt. vjiiuiuui 

et al. (12) reported a male infant born to nonconsanguinous parents with a typi- 

uai in^twij ikjl vjy^ns. junatt maiivui anaiy^i^ luv^ai^u liil pii^ii^tyjj^. x ivjw, 

B+, and NK-. yc and JAK3 were normal, indicating a new molecular defect. 

rVllllUOL LLKJ jni\J JJllWOj-Zll^xy XCltlV^ll VMUA^ U^ UUOH V V^U UpV^ll AJ^-Z^ OUllllUACitlV/ll. nit- 

<^"vr\1 o-rt oti/~\-r» r»om^ TV/^-rr» chiHiac at tna R_pnoiti Kannnca nlmncr t»^a ovnrdccirvn r-\T 

V^^VL/±tA±ltlLAV^±l WCU-l±V^ 11U111 l3LLAVJ-J.^O V^ri tllV^ kj~^lltl±ll L/V^^tlUOV^ UllllUOl, ±l^^ V^jA. L/± V^l3l3±V^11 V^ri 

(3-chain mRNA and protein could be found. Familiarity of the defect, however, 

iijoc Tir\t pcrnnlicnpirl 

2.3.3. IL-2 Receptor y -Chain Deficiency (X-Linked SCID) 

The disease must be suspected in all boys with T-B+ SCID (13). In the 

mpcinhmp fcir mrirf* thnn 1 OH r-lnilHr^n Viq\7^ K^pti nrml^TPrl r\n tVi^ mr\1f i r , ii1cir 

111VU11U111V4 Xlil 111V1 V/ I.11U11 -L \_/ \_/ VllllVtl Vll AAV* V V^ k/VVll U11U1 Y AJVVi VIA V11V AAAWAV^V-' U1U1 

level. As a result, a large database is now available that gives an overview 

nf thf* tvnp c\r\f\ frp i niipnr'\^ r»f Vnn\x/n miit^Hnnc (1 A\ Thp 1 HicP'QCP' ic r»f cnpri^l 

V/-!- U1V V \ |-'' W ' *-*AA>-* -1-J. ^ VJ V*^XA^/ \ V^ A A^AAV^ T T XA _1_AXW* VUkl V-'XiU I ^ I / • X iX^ V1J.UVW.UV i U V^_t U k/VVJ-WA 

interest because it is the first human disease that seems to have been cured by 
apnp theranv i^pp Chanter 19) 

2.3.4. Combined IL-2 and IL-2 Receptor Deficiency 

So far, there is onlv one report on this deficiency, that bv Doi et al. ^15^. The 
authors described a child with combined immunodeficiency (ID) whose cells 
in vitro did not respond to T-cell mitogens, did not produce IL-2, and did not 
express the IL-2R. The brother of the child seemed to have died of the same 
disease, mvin? some evidence of familialitv. DNA codin? regions for TL-2 
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and IL-2R were found to be normal but no rriRNA could be found, indicating 
a transcriptional problem. 

2.4. IL-4 Receptor 

Mutations within genes encoding this receptor have been associated with 
hyper-IgE syndrome in some patients. However, because these observations are 
still a matter of controversial debate, they will not be discussed here. 

2.5. IL-7 Receptor 

The receDtor is composed of two chains, one of which is the vc chain 

1 X ' ■ 

mentioned earlier, the other is the IL-7Ra chain. Like the IL-2R, thev are 
linked to JAK3 and JAK1, respectively, and transmit signals to the nucleus 
using STATS and other pathwavs (16). Signals contribute to recombination 
events of T-cell receptor genes. 

Once Puel et al. studied the IL-7 receptor in Epstein-Barr- virus (EBV)- 
transformed cell lines of children with T-B+NK+ SCID (17), they identified 
two subjects with specific mutations: One had a splice-junction acceptor 
mutation on one strand (intron 4) and the other strand had a nonsense mutation 
with a premature stop codon (exon 5). Acting in concert these mutations 
prevented production of a functional IL-7Ra protein. The second patient had 
a two-amino-acid change in the extracellular domain of the IL-7Ra chain, 
both of which turned out to be a common polymorphism. A further splice 
mutation, however, was responsible for absence of the IL-7Ra chain. Treatment 
consisted of BMT. 

2.6. lnterleukin-12 

Interleukin-12 is one of the major cytokines stimulating production of IFN-y. 

It" -i o i-\-i' , /~v/"i ■ i /"»<zi/H T-\i7 o -n <"-i rr <zi rt i-^-i-izici anti r\ rr y<z»llo nnnn or>tn?ofir\n on/~l o ti r-v-i 1 1 1 ot<2io \1 k 

II lO JJIUUU^UU L/J CUxUlg,V^ll - j-/X^O CllLlllg, V^H1l3 \JL^JVJ1L Cl^U. V CltlV^ll CUxll OLAlllUxCH-V^O -L'NxX. 

cells and T-cells (Fig. 2). Absence of IL-12 results in diminished or absent 

nrr\niir>f"ir\ri r\T T1hM_m ii7n-ir»n in turn 10 rpcnrvncinlp Tr\r iT-ir»-r<=»oc <=»/-! ciicppntmilit^/ 

l_/l V^VllXV^HV^ll V^fi XX IN V, VY IIIVII5 111 llllll, 1J 1 ^JpVllJlUlV 1V1 111HVUOVU J \J.J\s**s I-/ H fllll V 

to mycobacterial and other infections. 

Trip* firct T*(^r\r\rt run At^-f^r>tt\Tt^ IT _19 r\rr\rliir»tir\-n m "Familial At ccpminatprl 

X 11W 111JI IVL/Ull. Ull Uk/IWIK V XX-/ X i- L/1UUUVUU11 111 1U111111U1 UlOOV/llllllULVyU 

m\/r , r\V\Qr'ti='ri q1 fn-Ff^ct-trx-n ( AA^r\\^nntoviiivvi n\iiittvTt\ nompc frr\m Tnrnr'rit Qtirl TTn1_ 

III J \S\J l_/t*W^l 1141 1111V/VUV11 UTJ. Vl/L'LH^IH WVltV WVVl/VtlV) WlllVL) 11V111 X 1UV111 killU X X\_/l 

land (18). The authors showed in three affected family members that patient 

mnnnnvtpc HiH nnt QrvnTYvrvriQlY^lv nmHnpp TT.-19 whirli iicp'C rp'cnrmcihlp for 

J_A_l_V-'XA V^^ J V^U V*J. V* AXV^ V kik/ |~' A ^^ |~' A J.fc* V^A > |"' jL v/V* V*^< W 1J — i A ^* T T AAA W A A UkJV U J. W kJ |~/ V^AAUA L/ A W A V^A 

deficient production of IFN-y synthesis. In vitro IFN-y synthesis could be 

iniHntfrl hv ^HrHtinn nf pvnapnnnc TT -19 inrli retina inrparitv of thp TT -19 

llllUlULvvt l_/ r m\*v*-j.vj-vii V-'X V A v w v 11 V U U Aa— ^ _a_ ^^ » lllvtlvCltlllw lllLvulll r v a. vnv 1U a. ^— ' 

receptor. In vivo patients were successfully treated with IFN-y. The genetic 
hflsis nf jihnnrrrml TT -1 9 svnthesis in this familv has Tint been studied ^<~» f^T - 
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Fig. 2. Induction of IFN-y by mycobacteria. (From ref* 20.) 



Such studies were accomplished by Altare et al, (19) in a child with 
Bacille-Calmette-Guerin (BCG) and Salmonella enteritidis-disseminated 
infection. The authors found a large homocygous deletion within the p40- 
subunit gene precluding expression of functional IL-12 p70 cytokine expres- 
sion. In vitro complementation of the cells with a wild-type IL-12 p40 gene 
restored IL-12 and, in turn, IFN-y production. 

2.6.1. IL-12 Receptor 

The receptor is a heterodimer consisting of a pi -chain and a p2-chain. In 
1998, complete IL-12Rpl deficiency was described by two groups in several 
children with disseminated other mycobacterial (BCG, non-tuberculous 
[NTM]) and Salmonella infections. All patients were homocygous for recessive 
mutations (20). As the receptor is expressed on the cell surface, the diagnosis 
can be established by flow cytometry. Treatment may consist of parenteral 
administration of IFN-y. An international registry was established to collect all 
information on the spectrum of these abnormalities. 



2.7. Interferon-y 

There are some reports in the literature on cases and families with impaired 
production of IFN-y (21) in association with atypical mycobacterial infections 
or cryptosporidiosis. Unfortunately, no data on the IL-12 system were presented 
and it seems likely that these cases, upon reinvestigation, will turn out as being 
IL-12 or IL-12R deficient. 
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Interferon-y can exert its effects only if its receptor is functional. This 
receptor is a heterodimer that is tetramerized following binding of IFN-y. In 
patients with inappropriate receptor function, the most impressive clinical 
finding is the increased susceptibility to mainly mycobacterial (BCG, NTM) 
and, to a lesser extent, Salmonella infections. With regard to congenital 
immunodeficiencies, five subtypes must be differentiated (22). 

2.7.2. Complete Recessive IFN-yRI Deficiency 

This disease must be suspected in very young children with severe BCG or 
NTM infections, especially if the granulomas formed are lepromatous rather 
than tuberculous. The diagnosis can be suspected by flow cytometry (absence 
of CD119 on monocytes). Definitive diagnosis is established on the genetic 
level by studies of the IFNGR1 gene. Treatment consists of bone marrow 
transplantation in the absence of active mycobacterial disease. 

2.7.3. Complete Recessive IFN-yR2 Deficiency 

Clinical aspects in the only decribed patient did not differ from those in other 
deficiencies. The disease must be suspected if patients cells in vitro do not 
respond to high concentrations of IFN-y . A reliable diagnosis can only be made 
if the IFNGR2 exons and flanking intron regions are sequenced. 

2.7.4. Partial Recessive IFN-yR1 Deficiency 

There are no snecific clinical asnects in this disease. In vitro cells from 
children do respond in vitro, in contrast to complete deficiency, to high 
concentrations of IFN-v. and the authors susoected that the missense mutation 
found in the IFNGR1 gene reduces the affinity of the encoded receptor to its 
lisand. IFN-v binds to the Rl chain. Another finding specific for this variant 
was mature granulomas, in contrast to the complete deficiency, where mature 
granulomas are never observed. Definitive diagnosis can only be established 
by sequencing of the gene. High doses of IFN-y in vivo may provide improved 
control of mycobacteria. 

2.7.5. Partial Recessive IFN^R2 Deficiency 

In the single described 20-yr-old patient, the receptor seemed to be weakly 
expressed on the cell surface by flow-cytometric studies. A missense mutation 
was responsible for the functional receptor defect. In vitro STAT1 translocation 
and HLA-DR expression following stimulation was impaired but could be 
detected. In vivo, the patient seemed to benefit from IFN-y therapy. 
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The basis for this disease, which has been found in currently 18 patients, 
is a heterozygous frame-shift small deletion in exon 6. The mutant alleles 
encode a truncated receptor with no more than five intracellular amino acids. 
The receptor can bind IFN-y normally and dimerize normally, but it is unable 
to transduce intracellular signals. The diagnosis is made by appropriate genetic 
studies. In vitro, high doses of IFN-y can trigger cellular responses. In vivo, 
some patients respond to administration of IFN-y. 

3. Notes 

Inherited deficiencies of cytokines and their respective receptors are the 
human equivalent to corresponding knockout mice. Several such deficiencies 
have already been found and experiments of nature improved our understanding 
of molecular events. With now 23 interleukins and many other cytokines 
already defined we have to exnect that more disorders can be found where 
genetic disturbances of these systems are involved. 

4. Note Added in Proof 



.i j i_ 



updated miormauon may oe relevant and snouid oe mentioned, rirst, a 
second cause for multiple cytokine deficiency could be identified in two siblings 
(23). Its molecular basis seems to be defective nuclear NF-AT translocation, 
leading to tne same uioiugicai enect as did deiective JNr-Al uiiiding to its 



enhancer. Second, more molecular variants leading to increased susceptibility 
to iiiyuuuiiutciitii inrections nave oeen ucsunucu {£4). roi tnose interested in 
this field, reading these two publications is highly recommended. 
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Intracellular Detection of T-Cell Cytokines 



Differentiation of TH1 and TH2 Cells 



Ursula Banning and Dieter Kdrholz 



1. Introduction 

The use of cytometry has become very important in different fields of modern 
biology and medicine (1-4), In addition to the simple measurement of cell 
surface marker expression to define certain cellular subsets in basic research 
as well as in clinical settings, more complex assays have been developed in 
recent years to analyze, for example, physiological responses, apoptosis, or 
cell cycling (5-9). The expression of intracellular proteins is another important 
feature for characterizing cellular function. The development of multicolor 
cytometers as well as the growing number of fluorochromes and dyes makes it 
possible to perform more complex analyses. 

Cytokines play an important role in the interaction of different cells (10). 
Evaluation of cytokine content together with cell surface marker expression 
makes it possible to understand the relationship between different cell types and 
elucidate their special role in the hematopoietic system. The use of a cytometer 
makes it possible to analyze cells on a single-cell level in a comparatively 
short time. Staining of cell surface markers is currently a routinely used method 
in many laboratories. However, the detection of intracellular proteins is more 
complicated. Staining methods depend on the permeabilization of the mem- 
brane of the cell. Different solutions, such as formaldehyde or alcohols, are used 
to fixate the cells before incubation with detergents, which permeabilize the 
membrane reversible (11,12), To date, ready-to-use solutions are available that 
have been optimized for the use in flow cytometry. Primarily, cells have to be 
stimulated to express a detectable amount of suspective protein. In addition, 
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stimulated cells have to be treated with Monensin or Brefeldin A to prevent the 
secretion of the produced proteins (13-15). 

T-cells play an important role in the immune system (16). T-cell-denved 
cytokines control pro-inflammatory and anti-inflammatory processes. The 

Aiec 4-1^4-: „.c t> „„ii„ a: j-„ +t,~ 4-., ~-c T *-^\^ j j i_ T +i 

uiiiciciiuiuiun ui i-uciis auuuiuing lu liic Lypcjs ui uy Lupines piuuuucu uy uicsc 

cells lead to the concept of TH-1 and TH-2 cells, which might be important 

iui Uie evaluation ui icvciai ui&ctifiic;2>, SUCn as auLuiiiiiiiunc; uiscd&^s, nuiiiaii 

immunodeficiency virus (HlV)-associated pathology, or graft-versus-host 

uia^aac;, unc; ui Uie &c;v^ic;&l diuc; c;iic;cl& ui anug^ii^i^ Liaiiapiaiiiauuii \± /—a± j. 

The TH-1 and TH-2 cell subset can be distinguished by analysis of cytoplasmic 
liiLeiieioii ^irrs^-y v. A±A-j ^y ^ x liiLeiiemviii ^il^—h- ^hi-a^. 

2. Materials 

2. 1. Isolation of Mononuclear Cells from Whole Blood 

1. Blood, drawn in 9 mL EDTA or lithium-heparin tubes (Sarstedt, Nurenberg, 
Germany). 

2. Phosphate-buffered saline (PBS): 8 g NaCl, 1.42 g Na 2 HP0 4 • H 2 0, 0.2 g 
KH2PO4.5 0.2 g KG, add 1 L distilled water, pH 7.3, sterilize, and store at room 
temperature. 

3. Bicoll (Biochrome, Berlin, Germany), sterile, should be stored at 4-25°C and 
protected from light (storage in cold will increase the shelf life). 

4. RPMI 1640 medium supplemented with the following: 
10% heat-inactivated fetal calf serum (FCS) 

10 U/mL penicillin 

10 ug/mL streptomycin 

2 m/V/ L-giutamine 

This can be stored at 4°C up to 3 wk. 

^ fl S3C& Amm/t^ura ^hlrvr^o- Q OQ cr X1TT CI 1 Q ^U^O OH^I rr PTTYTA • orM 
•^ . \j.vj~j tu 1 iiiiiiiuiiiuiii viuuiiuv. vj.^^f p, nxi^^^-i, x C, ivi a , v_-v^^, v/.v/^j i ± fa i—iis ii v, tlLILl 

1 L with distilled water, sterilize, and store at room temperature. 

2.2. Stimulation 

1. 96 Flat-bottom 96-well cell culture plates. 

2. Phorbol 12-myristate 13-acetate (PMA). 

3. Phytohemagglutinine. 

4. Ionomycin (Sigma, St. Louis, MO); dissolved in 96% ethanol, aliquoted, and 
stored at -80°C until use. 

5. GolgiStop (BD Pharmingen, Heidelberg, Germany); should be stored at 4°C. 
caution: contains Monensin (iuaiu:; ana is nigniy nammaoie. 

2.3. Staining of Cells 

1 . 6-mL Polypropylene tubes. 

2. Fix/Perm solution (BD Pharmingen, Heidelberg, Germany); stored in cold. 
Caution: contains formaldehyde and saponin. 
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Staining Panel 



Tube 



FITC 



PE 



ECD 



PCS 



3 
4 
5 
6 



1C,\J X JU11UW 



CD4 surface 
IFN cytoplasmic 
CD 8 surface 
IFN cytoplasmic 






IeGl cvtonlasmic I2GI surface 



IL-4 cytoplasmic 
CD4 surface 
IL-4 cytoplasmic 
CD 8 surface 






IeGl surface 

CD 3 surface 
CD 3 surface 
CD 3 surface 
CD 3 surface 



Tnf^-1 eiit-fci r>£» 

1£,VJ X JU11UVV 

IgG2a surface 
I2GI surface 
IgG2a surface 
CD 14 surface 
CD 14 surface 
CD56 surface 
CDS 6 surface 



3. 



11 *-** 



wasn ouiier {du rnarmingen, neiaeioerg, uermany;; siorea in coia. ^auuon: 
contains sodium azide and saponin. 

T^. x iuv>ivjwii\/v itiuviv^u unuuwuivj ^ j uuiiiiiig punvi xij uvjv/iii/vu xxx .m.unrxv' -■-/» 

Anti-CD3-ECD (clone: UCHT1; isotype: mouse IgGl) 
Anti-CD4-FITC (clone: 13B8.2: isovtvDe: mouse IsGl) 
Anti-CD4-PE (clone: 13B8.2; isoytype: mouse IgGl) 
Anti-CD8 FITC (clone: B9.ll; isoytype: mouse IgGl) 
Anti-CD8 PE (clone: B9.ll; isoytype: mouse IgGl) 
Anti-CD14 PC5 (clone: RM052; isoytype: mouse IgG2a) 
Anti-CD56 PCS (clone: N901-NKH1; isoytype: mouse IgGl) 
Anti-IFN-y FITC (clone: B27; isoytype: mouse IgGl) 
Anti-IL-4 PE (clone: 8D4-8; isoytype: mouse IgGl) 

2.4. Flow Cytometric Analysis 



T^U 



•"* r^ ■*-» n 



I i7mn TT/nn sA 



*"*-*-* i^\ ^v*-* r^L 



D^^.1 



^*-v* r~» -n 



I rf^vi i I "!-•"**■ I— j ■*-*-■ r^ n V^ I -H ait 7 rti/f 



*"V*-V\ i^\ 



"l-^\*" 



xnt ana-i^aia was uunc un a jj^^iviiiaii ^uuilci j_jpiv^a yvij nuw ^jLuni^tt^i 

(Beckman Coulter, Krefeld, Germany). For measurement and analysis, EXPO 
spheres (No. 6605359, Beckman Coulter, Krefeld, Germany) for check up of 

liiC ^V LWxxxV^CWi, UOU *^x \_^V^LX±LV^x -LlJWCWIx J.X \±±^. UTTUUliy 1W1 ± ixilxxxxxg,, tllHJ- \_^WLX±L^x 

Clenz Solution (no. 8456930) for cleaning. 

3. Methods 

3. 7. Isolation of Mononuclear Cells from Whole Blood 

1. iicpaiiinz.cu wnuic-uiuuu samples aic l.Z unuicu wiui ruo, pn / . j ^ee 

Note 1). 

2 5 ttiT of Fir-nil nrp OVerlaved bv UD tO 10 ttiT nf thp whnlp blnnd— PRS1 Qnlntinn 

3. Centrifugate for 15 min at 800g without break. 

4. Transfer mononuclear cell fraction to a new tube and wash with PBS to remove 
residual Ficoll solution (600g, 5 min). 
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5. Lysis of remaining erythrocytes may be done by incubation of the cell pellet 
with 1-2 mL 0.83% ammonium chloride for 5 min. 

ft Tnr-nKntinn chnnlH hp -fnllmx/pH V\\t intpncivp wnchina tn rprrmvp nmmnninm 

VJ- * Xi.lVUL/Ml'J.Vll LJ11V Vf-J-^* KJ W J.V11V H V^^* *-* > A 11 t^*' A. J. U A T ^" ft biUlllll^. K,\J J-V^J.J.l'W T ^" C-t-l-L A. J. J.X^y X J. A V* J. J.J. 

chloride solution completely (at minimum, three times with 20 mL PBS). 

7. After washing steps, the cell number is determined by counting. 

8. Cells are suspended in RPMI 1640 supplemented with 10% heat-inactivated FCS 
and penicillin/streptomycine at a final density of 10 6 /mL (see Note 2). 

3.2. Stimulation 

1. Transfer 200 \xL of cell suspension (=2 x 10 5 cells) per well to a 96- well fiat- 
bottom cell culture plate. 

Z. ouinuiai^ iii^ v^na wiui r ivi^rv yiu iig/iiiJ.^ anu luiiuni^^iii yi jAg/niL^ iui *t 11. 
3 AHH r^nlmQtrvn ff» ^ uT r»f etrw^V on1ntir»r> 1 «5 diluted with PR^^ to the cultures 

to inhibit secretion of the produced cytokines. 

4. Incubate the cells for 4 h at 37°C. 5% COo (see Note 3). 

3.3. Staining of Cells 

1. After stimulation, transfer cells from two wells (approx 4 x 10 5 cells) into a 
6-mL polypropylene- tube suitable for cytometer use. 

2. To guarantee transfer of possibly all cells, wash the wells with PBS twice. 

3. After the addition of 1 mL PBS, centrifugate the cells at 600g for 5 min. 

A T\:„~~„A +U~ „ „ + „*,+ ~~A ~~A +U~ 11~ 1* 1 AA ..T rtTi O 

^t. Lyisuciiu uic supcuiciiciiii ctiiu icsupcnu uic ecus in iuu \JLi-^ roo. 

5. For cell surface analysis, stain the cells with 10 fiL of each assigned fluorescence- 

labeled antibodv nnH innihnte cells for 10 min at rnnm tenrmerntiire in the 

dark. For analysis of different lvmnhocvte subsets, staining mav be carried out 
according to the panel listed in Table 1. 

6. Wash with 1 mL PBS and discard supernatant 

7. Add 250 \xh fixing and permeabilizing solution (Fix/Perm, BD Pharmingen). 

8. Vortex cells and incubate for 25 min at 4°C. 

9. After fixation and permeabilization, wash cells two times with 1 mL Wash-Buffer 
(BD Pharmingen, diluted 1:10 with distilled water). 

10. Resuspend cells in 100 \xL PBS. 

11. After the addition of 10 [iL cytokine-specific fluorescence-labeled antibody, 

vuiica v^na v^i}' gtiiui}' cuiu mvuuait iui jw 111111 ait ^ ^jcc i^iuit -r,f. 

12. Wash cells twice with 1 mL wash buffer. 

13. Repeat washing with 1 mL PBS. 

14. Resuspend cells in 500 uL PBS and measure with the cytometer (see Note 5). 

A typical experiment is shown in Fig. 1. 

4. Notes 

1. To combine intracellular staining with immunophenotyping and detection of 
plasma cytokine concentration, portions of whole blood and plasma should be 
taken before dilution with PBS! 
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Fig. 1. IFN-7 content of CD3-positive lymphocytes. Shown is a cytoplasmic staining 
of cells from a patient after allogeneic transplantation. Lymphocytes are gated in gate 
A after FSC/SSC dot plot. (I). Left panel shows isotype control (11-111); right panel 
shows specific staining: (IV) CD4 PE vs CD3 ECD. (V) shows the IFN-y positive 
portion of CD3-CD4 double positive cells (gate I in TV). No CD14-positive monocytes 
can be found in the gate. 
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Fig. 2. Reduction of nonspecific staining by gating. Shown is a cytoplasmic isotype 
control staining of cells from a patient after allogeneic transplantation. Left panel 
shows FSC/SSC dot plot (I + III), right panel shows fluorescence signals in FL1 and 
FL2 (II + IV). A great portion of unspecific staining occurred (II, gate B). Nonspecific 
stained cells in gate B can be reduced by gating lymphocytes, as shown in (III), and 
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after fixation of the cells. However, best results are obtained without interrup- 
tions, 

3. The stimulation time depends on the observed cells and the cytokines of interest. 
Therefore, kinetic experiments might be necessary to determine the optimal 
time for stimulation. 

4. It is important to control the cells that are in the antibody containing solution 
after vortexing (sometimes cell pellets move while vortexing)! 



Intracellular Detection of T-Cell Cytokines 21 

^. i^iiiuiiunai^i V? iiuiiap^v^iiiv^ oiaiiinig, uy isui)jjt v^uihuji aiiuiuwuita may utvui. 

This might be reduced by blocking of the cells with Fc block (e.g., from BD 
Pharmingen) prior to staining. However, background staining can also be reduced 
by gating strategies. Most of the background results from cell debris or cell 
aggregates. Gating the population of interest by FSC/SSC characteristics can 
reduce the nonspecific staining dramatically (e.g., see Fig. 2). 
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Analysis of Cytokine Profiles in Human Skin 

Jean Krutmann, Renz Mang. and Susanne Grether-Beck 



1. Introduction 

Human skin cells as well as skin-infiltrating cells such as T-lymphocytes are 
endowed with the capacity to produce a multitude of cytokines. This cytokine 
expression is of central importance to preserve the normal skin homeostasis; 
any alteration has profound effects on skin morphology and can give rise 
to a variety of inflammatory and immunological skin disorders (i.e., atopic 
dermatitis) (1,2). Within recent years, cytokine profiles in the skin of patients 
suffering from several diseases has been observed. These studies have been 
made possible through the availability of in situ techniques that allow the detec- 
tion and monitoring of immunomodulatory consequences in cells of lesional 
skin of patients. In this chapter, the highly sensitive reverse transcription- 
poly merase chain reaction (RT-PCR) -based assessment of cytokine expression 
in human skin will be described. 

1.1. RT-PCR 

The polymerase chain reaction (PCR) is an in vitro nucleic acid amplification 
method. The reaction comprises repeated thermal cycling of the reaction 
mixture. Each cycle consists a set of time- and temperature-controlled incuba- 
tions. The function of each incubation is to denature the target nucleic acid at a 
temperature in the region of 94°C, anneal at a temperature dependent on their 
calculated annealing temperature, and extend the primers by the thermostabile 
DNA polymerase catalyzed addition of nucleotides to the 3' end of each primer 
at a temperature of about 72°C. If each cycle were 100% efficient, each cycle 
would double the number of copies of the original target sequence. PCR may 
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be used to analyze or determine the presence of specific DNA targets or, after 
a reverse transcription step, to amplifying RNA sequences as DNA copies 
(iv±-r\^iv). ivi-r^rs. is a sensitive analytical mctiiou anu is a suitauic approacn 
for the analysis of mRNA expression in cells. In this method a housekeeping 
gene ^i-c-? p-actin;, which is transcnoeu constitutrveiy in most ceii types anu 
tissues, is used as an invariant internal control for variations in RT-PCR and 
piuuuui detection M^pa. 

7.2. High-Performance Liquid Chromatography 

High-performance liquid chromatography (HPLC) is a form of liquid 

r>nrrvmofrvrrror\rnj t"*"v o <2»i-\o-fo<"d /"» i"vm t-\ /"v i i r-i /~1 o t"l-»ot" ot*<zi /"ii o o <"vl ~\ Tmr\ -in o >~vl i i f-i r^n I— I DT ■ 
<sLLL KJLLLtllrKJgL CIJ-/11 J tU Ol/jJCU CILV*' ^UlllJJUUllUiS UlClt CllV^ UlOiJUlV^U 111 OU1UUU11. J- 11 l^i\^ 

iiiouuiiinno ^uiioiol kjl ci iwwvun v/x iiiuuii^ pucio^, ci jju.iJ.ip, Clll lllJCUtUl, CI 

separation column, and a detector. Compounds are separated by injecting a 

nlnrr rvr tri<=k comt-\li=i mivtnrp r\ntr\ mo nnlnmn TnA nirrpront r»/~\mt-\/~\-n<=k-ntc in tna 

l_/AtACi V^fi UAAV^ OU111L/1V 1111AH11V V/iH-W UIW W1U11111. A 11V U111V1V11L V^V^TXAA l_/V^±AV^±A»-iJ J.JA CJAV-' 

mixture pass through the column at different rates because of differences in their 

L/UlUUV/lllllt 1/V11U I 1V1 l/VHT Wll U1V 111V L/11V 11U U1U L/11UUV killU U1V JUtUVllUlj L/llUJVi 

For quantification, these fractions are then evaluated by an on-line ultraviolet 

(1 T\/^_cnf*r , troTiVintr\rn<=»tf i r (Of\C\ nm^ FicitQ r*cin \\f± ohtcnnprl qc hi ctncrrcimc of 

\ V-> T / JL/VVUV/L/llVVVlllVlVl \^*\J\J 11111 I • 1_^W,VW, VU11 !_• V^ Vt/H*lllVV» »-*U 111 VJ IV fc»l Will U V^l 

absorption (DNA concentration) on the v-axis and elution time (DNA retention 

timf^ on thp r-avic for p^rh Pf^R nrnHurt VSalnpc for firpfic linHpr thp rurvp nf 

each PCR product can be used for further calculations (3). 



2. Materials 

2. 1. Tissues and RNA Extraction 



1. 4-rrirri (Minimum) punch biopsies (.see Nutes 1 and 2). 



2. RNeasy Kit (Qiagen, Hilden, Germany). 

^> • UU1U11U1) / V/ /L^ ClllU 1V/U /L/. 

4. P-Mercaptoethanol. 

2.2. RT-PCR 

1. Primers (sequences for some important examples; see Table 1). 

2. GeneAMP® RNA PCR Core Kit (Perkin-Elmer, Applied Biosystems, Weiterstadt, 
Germany). 

3. PlatinumTaq® DNA Polymerase (Life Technologies, Karlsruhe, Germany). 

4. Thermal cycler (i.e., PTC-200; MJ Research, Watertown, MA). 

9 Q Minh-Parfnrmanna I iniiiri f^hrr\mafnrirar%h\/ 

^.w> I JFUf 1 1 m w* l^fl iiimiiww bfUUlU Wf II wniuiWMi Hlvl f If 

1. HPLC device (Dionex, Idstein, Germany; formerly Gynkotek, Germering, 
Germany) consisting of a pump (M-480), an injector (GINA 50), an UV detector 
(UV-160S), and a reservoir of mobile phases (buffer A: 1M NaCl and 25 mM 



1110-11^.1 LJ-' X± ^ ,V7 J5 UU11C1 x-». ^u iiiiKi iiii3;iiv-i LP XA ^.uj/. 
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Primer Pairs Specific for Cytokines and p-Actin (Cytokinesequence 5-3') 

Product Annealing 
Cytokine primer Primer sequence size (bp) temp. (°C) 

Interferon-v AGTTATATCTTGGCTTTTCA 

ACCGAATAATTAGTCAGCTT 
Interleukin-4 CTTCCCCCTCTGTTCTTCCT 

TTCCTGCCGAGCCGTTTCAG 
Interleukin-12 p35 ACCCAGGAATGTTTCCCATGC 

TCTGTCAATAGTCACTGCCCG 
Interleukin-12 p40 AAAGGAGGCGAGGTTCTAAGCC 

TTTGCGGCAGATGACCGTGG 
p-Actin GTGGGGCGCCCCAGGCACCA 

PTPPTTA ATPTP APrP ATP ATTTP 



2. Separation column: PE TSK® DEAE-NPR Column (Perkin-Elmer Europa, 
Vaterstetten, Germany). 

3. Personal computer system and integration software. 

3. Methods 

3. 7. RNA Extraction and RT Reaction 

Tnrvr qtiq1\7C1c r\f n\/tnlnrip r\rr\fi1^c 111 hiimnn cVin q TJTl-Pf^TJ-hQc^rl G^mnHiiiQn_ 

-1- \J±. 1*111*1 V LJILJ \J±. V\ t\-»lVlllW J./1 V^IH^U 111 11U111U11 JIVlllj I* J.X. J. J. X J. A. UUiJVVl JV1111VI U till 

titative method has been employed. This technique allows one to monitor 

r«\/trkVinf i mT?NTA PYnrpccinn in ZL_mm nnnfli hirknci^c tn^t nrp t^V^n frrim cVin 

W Y 1V1V111V 1111V1 11 1 V.Zlk/1 VUU1V11 111 I 111111 L/V111V11 U1V/L/U1VU VllUt V*l W ^UlVVll 11 Vlll U1V111 

of patients (2,4). The specimens are washed twice in 0.9% NaCl for 20 s to 

rpmnvp blnnH and thpn crmn-frnypn in lirmid nitrncrpn Prr»7Pn binncv cnpnimpnc 

A ■^^AJ.J.'V-' T 'W \^T A. V^ ■%_/ \*+ M11W tllVll UlldlJ 11 VZjVll J. J. A. llUUlVt 111W1 V/ WVlll X IVlJvll \^r AV-* |_^ U T U |_^ ^^ ^-^ A AA A^' A A U 

are grounded to powder and total RNA is extracted. Historically, we have used 
a modified chloroform/phenol method C51. The method of choice is now the use 
of the Quiagen RNeasy Kit {see the instruction pamphlet). 

In order to seminuantitativelv assess cytokine mRNA expression in these 
samples, a differential RT-PCR method has to be employed (2-4). For this 
purpose, total RNA is reverse-transcribed using MuLV (murine leukemia virus) 
reverse transcriptase and random hexamers (Gene AMP® RNA PCR Core Kit). 

1. Prepare a master mix for reverse transcription by adding the reagents in the 
following order and proportions. 25 mM MgCl 2 solution: 4 \xL, 10X PCR buffer 
II, dGTP, dATP, dTTP, dCTP: 2 \xL; RNase inhibitor, MuLV reverse transcriptase, 
random hexamers: 1 \xL, RNA-containing sample: 3 \xL. 

2. Reverse-transcribe at 42°C for 60 min (i.e., in the thermocycler or a water bath). 



^2 r I W-**-rv*-i -r\ o+^i +V*£i -#*£io r>4-t /^*.-r\ o + (l^^f^ 4-i^v-** ^ -rvim o-rt/-J i^/^k/^vl H/mtj« 

J. xviiiiinat^ IIIC ivavuuu at y^} v^ iui u min anu vuui uuwn, 
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Fig. 1. Example of an HPLC diagram. The first peak represents the deoxynucleo- 
tidtriphosphates (dNTP), the second peak represents the primers, and the third peak 
represents the amplification product. 



For further information, see the instruction pamphlet of the GeneAMP® 
RNA PCR Core Kit. 

3.2. PCR Reaction 

1 . PCR is carried out in a final volume of 50 \xL containing 1 \xM of each primer, 0.5 U 
PlatinumTaq® DNA polymerase, template cDNA (5 \xL [for p-actin] and 30 \xL 
[for genes], in a reaction buffer consisting of 50 mM KC1, 10 mM Tris-HCl 
(pH8.3), and 2 mM MgCl 2 . 

2. Perform amplication in a thermocycler with approriate annealing temperature. 
For our cytokine primers, amplification was found to be linear for up to 38-40 
cycles and up to 32 cycles for the p-actin. 

3. To ensure the identity of products, it is recommended to collect their chromato- 

g±Ctlll pV^CU-VO C111V.I IU V-UgVOL Ul^lll VV1U1 Ctll Cippj-WpilCllV 1V/OU1UUU11 ^llUUllUV/lV/ai3V. 

Fragments are then subsequently visualized on agarose gel by ethidium bromide 
staining. Lengths of the restriction fragments are corrmared to those deduced 
from published mRNA sequences of the respective cytokines (e.g., by using 
PC/GENE software [Intelligenetics Inc., Mountain View, CA]). 

3.3. High-Performance Liquid Chromatography (HPLC) 

For the exact information about the use of HPLC, see the instruction 
pamphlets. After data collection, the peaks will be integrated by the software. 
For an example, see Fie. 1. 
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4. Notes 

1. As controls you need biopsies of healthy skin. 

2. This will confirm that the total system is clean. 
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Intracytoplasmic Detection of Proinflammatory 
Cytokines and Chemokines in Monocytes 

by Flow Cytometry 

Christian Schultz 



1. Introduction 

Intracytoplasmic detection of cytokines by flow cytometry has revolutionized 
the area of cell biology in the past few years (1-3). It represents a powerful 
analytical technique in which individual cells can be simultaneously analyzed 
for several parameters, including cell size and granularity, as well as the 
coexpressed levels of surface and intracellular markers defined by fluorescent 
antibodies. After stimulation of cells in whole-blood culture, cells are stabilized 
and permeabilized to allow monoclonal antibodies penetrating through cell 
membranes, the cytosol, and the membranes of the endoplasmatic reticulum 
and Golgi complex. Paraformaldehyde fixation preserves cell morphology and 
intracellular antigenicity, also enabling the cells to withstand permeabilization 
by detergent. Reversible permeabilization of cells is done with saponin, a plant 
glycoside, which mainly interacts with cholesterol in cell membranes. Both 
substances maintain the light-scattering properties of leukocytes which are 
important for subsequent flow-cytometric analysis, A considerable increase 
in the fluorescence intensity is achieved by blocking intracellular transport 
processes with monensin, resulting in the accumulation of cytokine proteins in 
the Golgi complex (4), Cells are then incubated with cytokine- and chemokine- 
specific as well as surface antigen-specific fluorochrome-conjugated antibodies 
that allow cytokine detection directly at the single-cell level by flow cytometry 
(see Note 1). Up to now, studies investigating intracytoplasmic cytokines 
focused primarily on T-lymphocytes, The method introduced allows the 
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determination of monocyte- derived cytokines and chemokines, which represent 
important mediators of inflammation (interleukin-la [IL-la], IL-6, tumor 
necrosis iaciur-u [iiNr-ujj, ucn airterentiation, anu ciicmuiaAis (11^-0, muiio- 
cyte chemoattractant protein- 1 [MCP- 1 ] , macrophage inflammatory protein- 1 a 

Liviir-iujj. 

2, Materials 

2. 1. Cell Culture 

1. Blood is drawn in 4.5-mL lithium-heparin tubes (Sarstedt, Ntirnbrecht). 

2. Roswell Park Memorial Institute (RPMI) 1640 medium with 2 g/L NaHC0 3 



a ny~i / r\ 



ana wimoui L-gmiamine snouia oe siorea ai ^ l, (oeromea mocnrome, cernn, 

vjciiiianv, i iz-u;. 

3. 200 [iL of each of the supplements penicillin/streptomycin (Seromed Biochrome 
A 2213), 200 mMN-acetyl-L-alanyl-L-glutamine (Seromed Biochrome K 0202), 
nonessential amino acids (Seromed Biochrome K0293), and 100 mMNa-pyruvate 
(Seromed Biochrome L0473) are stored at -20°C in Eppendorf tubes. 

4. A solution containing 19.2 mL of RPMI 1640 and 800 \xL of supplements must 
be prepared fresh as required. 

5. Cultivation of blood cells is done in sterile multiwell plates (Greiner Labortech- 
nik, Frickenhausen, Germany). 

2.2. Stimulation of Cells, Protein Transport Inhibition 

1. Hanks' balanced salt solution (HBSS; Sigma, Deisenhofen, Germany; H-4891) 
and 350 mg NaHC0 3 are mixed with 1 L of distilled water. This solution 
should be stored at 4°C in the dark. Deterioration of the liquid medium may be 



IWVJglllijV/U L^V l-' J -- 1 VllUllCV, LF1W1U1I.UI.V 111UIUV1 UllVJUgllUUl U1V J \J± LH-iVJiA, \^iV7l4.VjV 

appearance, or color change. 

2. 10 mg of linonolvsaccharide (LPS) (Sigma. L3129) is added to 10 mL of HBSS 
solution and stored as 100-u.L aliquots at -20°C. This stock solution is stable for 
roughly 1 yr. For further processing, 1 \xL of stock solution is combined with 
1 mL of freshly prepared RPMI medium (see Subheading 2.1.), resulting in a 
concentration of 0.1% LPS. 

3. To obtain a concentration of 10 mM monensin stock solution (Sigma, M 5273), 
69.3 mg are rilled up to 10 mL with ethanol. This solution should be stored at 



* . t AAA 



-zu u. i^or runner processing, iu u,l oi stocK solution is comoinea witn yyu piL 
ui iiesiny prepared rs.nvn meuium {see ouuueauiiig ^.±.)> containing iuu \iivi 
monensin. Monensin must be handled with care because it is particularly toxic. 

2.3. Fixation Reagents 

l. Paraformaldehyde ^PFA^ powder is stored at 4°C (Riedel de Haen Seelze 
Germany). To obtain a 4% solution, 1 g of PFA powder is added to 25 mL HBSS, 
heated to 57°C for 60 min, and, subsequently, cooled down to room temperature 
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-c — i u tu:„ „^i„j-: i~~ „± j „4. /iop .c q a nrr a :„ j.~„:^ .i-.,, :^ 

iui j ii. mis suiuuun uitu uc siuicu ai 4 l lui j> u. rm is iuaiu, iiiiuagciiiu, 

and cancerogenic. 

9 NTnnfVit Hr\/-mi1V rimx/Hpr ic pnmmprnallv avail aKIp Tn nhtain a ^% cnlntinn 9 ^a 

are added to 50 mL of phosphate buffer solution. 

2.4. Permeabilization Reagents 

1. 1M Af-2-hydroxyethylpiperazine-iV'-2-ethanesufonic acid solution (HEPES, 
Seromed Biochrome) and saponin powder (Riedel de Haen) are stored at room 
temperature. To obtain a 10% stock solution, 1 g of saponin is added to 10 mL 
HBSS, heated to 57°C for 60 min, and, subsequently, cooled down to room 
temperature for 3 h. This solution can be stored at 4°C for 2 wk. 

z. I ne v.iyc saponin uunei snuuiu ue maue iiesn as required, n consists ui i mi^ 

l\j /v anjv^iv auiuuuii ui saponin, i im.^ iij^i j_j,vj, anu ?o iiij^ iiijoj. 

2.5. Fluorochrome-Conjugated Monoclonal Antibodies 

Anti-human CD1 4-PE (clone: M5E2, isotype: mouse TgG2a), CD3-CyChrome 
(17A2. rat TgG2bL anti-human fluorescein isothiocvanate (FITO-coniugated 
and purified IL-la (364-3B3-14, mouse IgGl), IL-6 (MQ2-13A5, rat IgGl), 
IL-8 (G265-8. mouse IgG2b), TNF-a (Mabll, mouse IgGl), MCP-1 (5D3-F7, 
mouse IgGl) and MlP-la (11 A3, mouse IgG2a) were all purchased from 
Pharminsen (Heidelbers, Germany). 

2.6. Flow-Cytometric Analysis 

The following reagents were obtained from Beckmann Coulter (Krefeld, 
Germany): Clenz Clearing solution (no. 8546930), Isoton II (no. 8448011), 
Flow-Check Fluorospheres (no. 6605359). 

3. Methods 

3. 1. Cell Culture 

1 . Blood is drawn in 4.5-mL lithium-heparin tubes (Sarstedt, Niirnbrecht, Germany) 
and must be processed within 20 h (see Note 2). 

2. Whole blood is suspended in RPMI 1640 supplemented with 1% penicillin/ 
streptomycin, 2 mM glutamine, 1 mM pyruvate, and nonessential amino 
acids (Seromed Biochrome, Berlin, Germany) at a concentration of 5 x 10 6 
leukocytes/mL (see Note 3). 

3.2. Stimulation of Cells and Protein Transport Inhibition 

1 1 c ~,t „i* +„ ~.c ~~ii ~,,i+ 4-~:~:~~ c .. m6 i^,,i^ t +~~/~,t „ • i~~+~j 

i. i.^-iiiL- tuiquuis ui ucii uuiluic uuiiicuiiiiig j a. iu icuKuuyics/iiii^ cue inuuucucu 

in multiwell plates with LPS at 37°C, 5% C0 2 . Optimal conditions are 5 h of 

Qtinrmlatinn with T PSi at a final rnnrpntmtinn nf ^0 no/ml ( \pp lVntp d\ 

2. Simultaneously monensin is added at a final concentration of 3 \x,M to inhibit 
cytokine secretion. 
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J.J. rlXBTIOn ui UBIIS 

1. Cell cultures are transferred to plastic tubes, diluted with 5 mL HBSS, and 
vortexed briefly. 

2. After spinning at 360g for 10 min at room temperature, supernatants are aspirated 
and discarded. 

3. 1 mL of PFA 4% is added and vortexed briefly. 

A Aftai 1 111 mifi r\T inr»n l-\n+i r\n o+ A {^ tiiKao ifa Till^s/-! nftmn Tvri+Vi UD vv Tjrtftcivarl 

t. .r-kj-iv^L iw min vjj. invuijauuii ax -r x^, iuuvj ciiv^ iniv^u tigcini vviui nuou, v^iiv^yvv^u 

briefly, and spinned for 10 min at 360g. 

5. Supernatants are aspirated and discarded, 

6. The cell suspension is resuspended in 1 mL of nonfat dry milk (5%) for 16 h at 
4°C in the dark to reduce nonspecific binding (5). 

3.4. Permeabilization of Cells and Antigen Staining 

1 . After spinning at 360j? for 10 min at room temperature, supernatants are aspirated 
and discarded. 

2. 1 mL of 0.1% saponin buffer is added and vortexed briefly. 

3. 200-fiL Aliquots of this cell suspension are then transferred to tubes containing 
5 [ig of anti-human CD 14, CD3 and 0.5 fxg of anti-human IL-la, IL-6, IL-8, 
TNF-a, MCP-1, or MlP-la fluorochrome-conjugated antibodies (see Note 4). 

4. After incubation for 20 min at 4°C in the dark, 1 mL of 0.1% saponin buffer is 
added and vortexed briefly. 

5. Cell suspensions are spun at 270g for 5 min at room temperature and supernatants 

6. 0.5 mL of HBSS are added to all tubes, vortexed briefly, and stored at 4°C in the 
dark until analysis by flow cytometry. 

3.5. Negative Control 

1 1Y» -r\o-ro11o1 o ciimlnc r\f -rviififi c*r\ nnti Immon IT 1 rv TT f\ IT Q T'WT-i'-f"* A/Tf^P-l 

1. Ill LftUUllVl, Cl JU1U1UJ V7X UU1111V/U U11U 11U111U11 1U 1U, A J— I \J , AJ_/ U, XX>J. VA, iYlV'l 1, 

and MlP-la antibodies served as negative controls {see Note 5). 200 fiL Aliquots 
of cell suspension are transferred to tubes containing 5 U2 of anti-human CD 14, 
CD3 and 5 fxg of purified anti-human IL-la, IL-6, IL-8, TNF-a, MCP-1 or 
MlP-la. 

2. After incubation for 20 min at 4°C in the dark, 1 mL of 0.1% saponin buffer is 
added and vortexed briefly. 

3. Cell suspensions are spun at 270g for 5 min at room temperature and supernatants 
are discarded. 

4. Anti-human IL-la, IL-6, IL-8, TNF-a, MCP-1, or MlP-la fluorochrome- 
conjugated antibodies are added at a concentration of 0.5 fxg each. 

5. After incubation for 20 min at 4°C in the dark, 1 mL of 0.1% saponin buffer is 

UVJVAVVft U11U T VA LV/YVV* U11V11 V • 

6. Cell suspensions are spun at 270g for 5 min at room temperature and supernatants 
are discarded. 
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i . u.j iiii^ ui nDoo cue auucu iv cm luucs, vuucacu uiicny, tuiu siuicu cu 4 ^. 111 uic 
dark until analysis by flow cytometry. 

3.6. Flow-Cytometric Analysis 

1. Flow- cytometric anal vis is performed on an EPICS XL flow cytometer with 
System II™, Version 1.0 software that has been calibrated daily with Flow-Check 
Fluorospheres (Coulter Electronics, Krefeld, Germany). 

2. A total of 2000 CD14-positive monocytes are acquired from each sample, gating 
on CD14-positive cells (see Fig. 1). The purity of the gated cells is controlled by 
use of CD3/CD14 double staining. It is regarded to be correct if the gate included 
at least 95% of CD14-positive cells. Granulocytes and cell debris are excluded 
by forward- and side- scattered light signals. 

3. Preincubation with unlabeled anticytokine monoclonal antibodies before the 
addition of fluorochrome-labeled antibodies of an identical specificity completely 

uiuwivo opv^vinv^ unnaiiig ^jcc k_n.*PJiiv««ing ^•^» ctuva i^v»t.v ^>y. inv ^ucujj-cuii iiicu-ivv^ib 

for the bivariate dot plots are set according to this negative control allowing less 
than 2% of nositive cells in the ripht upper nuadrant (sp.p. ¥\&. 2). 

4. Stimulated monocytes stained with fluorochrome-labeled antibodies against 
cytokines (see Subheading 3.4.) represent the percentage of cytokine-producing 
CD14-positive monocytes. All events in the right upper quadrant according to the 
negative control are defined as cytokine positive (see Fig. 2). 

4. Notes 

1. The time-scale of the technique is as follows. Preparation of solutions and cell 
culture takes approx 2 h. After that, 5 h of stimulation follows. Subsequently, 
fixation of cells in PFA lasts 1 h, followed by a resuspension in nonfat dry 
milk overnight for 16 h. On the second day, the distribution of fluorochrome- 
conjugated surface and anticytokine antibodies to tubes before the addition of 

r-pll cncripncinnc will tnVp rtc*c\r\\r 1 h Pprmpnhili^ntinn ciirfVirp nntiapn ctninino 

vvn Lru-UL/viiLiJ.viiu ft A J. J. lUiw UvCillj J- ii* A vxiiivbiL/xiiuMi-iv/iia jUIIUvv CLJ-J.U- i-.V-'-L-l ij ICLXJ-J.XJ-1 £-. • 

and cytokine staining will take approx 2 h. Measurement by flow cytometry will 
take nearly 2-4 h depending on the number of cytokines and samples that will 
be investigated simultaneously. 

2. It is important to process the blood within 20 h of storage. After this period 
of time, a profound variation of cytokine positive cells is seen, especially for 
IL-6-positive monocytes. In contrast, the amount of IL-8-positive monocytes 
remains quite stable even after 48 h of specimen age. 

3. After performing cell separation techniques, a profound ex vivo induction 
of cytokines could be demonstrated at the protein and mRNA levels (6,7). 

inciciuic, uic wnuic-uiuuu ^unuic assay snuuiu ucpicicucu. npicscivcs v^ciiuiai 

interactions and approximates physiological reactions occurring in vivo (8). 
The intracvto^lasmic detection of cytokines bv flow cytometry enables a hi^h- 
resolution analysis of particular cell types within heterogeneous cell populations 
without the need for artifactual cell separation procedures (see Note 6). 
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h-. i^uiing Stimulation wmi Lro, uic cApicssiun ui L^uit uii inuiiuuy ics ucuicases, 
especially after 5 h of stimulation. Activated neutrophils in whole blood produce 

mpHintnrc tVmt pnn inrhir'P n PP>1 4 nrntpnWcic (Q\ Thic nhpnnmpnnn ic nnccihlv 

J.J.-LV^^*AM.tW-L LJ U.J.CLL- Will AU.^*Vf-V^V^ V* ^S J-— *" J- I |_/ J- 'V ^ ^^ ^V A > OlO i -^" / * A ± J.J. IJ kyilVllV/lllVHV/11 1LT k/VLfUlL/lj 

responsible for the impaired differentiation between CD14 positively and 
negatively stained cells. However, using phycoerythrin-conjugated monoclonal 
antibodies against CD 14 instead of FITC-conjugated monoclonal antibodies, 
a strikingly improved discrimination is possible between CD 14 positively and 
negatively stained cells (Fig. 1). 
5. An intense enhancement of nonspecific binding during the fixation and stimula- 
tion procedure (5) makes a correct interpretation of data without the use of 
adequate negative controls difficult. It has been demonstrated that a surplus of 
purified anticytokine antibodies blocks specific binding and allows an excellent 

rl -a t — n*-*-***^-*-^ 4--t r\4--t ,rx*-k « a+ttta j^*\-#--\ -#^ ./-*. rn+nrAlTT j-k *-k *-*! +■% i-k i^*- j-k fiTTAlTT n4- n-a *-k s^. s-4 aaI I n / ^ I I *-h j-\ .fx -*--v-k -fr^ *-\-**-a n\ s-±-v% 

uiii^itnuauuii u^iwt^ii puaiuvti^ anu n^gativ^i^ aiain^u ^^na («-»/. in ^uiiiptuiauii 

with the most often used isotype-matched antibodies as negative controls, a 
higher amount of cytokines u^ to 2.1 -fold is seen (1Q\. Isotvne-matched antibod- 
ies display the inherent staining background for a given fluorescent antibody, 
but they fail to cover the enhancement of nonspecific staining induced by the 
procedure of stimulation, permeabilization, and fixation (Fig. 3). Therefore, 
the purified antibody blocking control should be preferred to each sample. 
Nonstimulated cells are also an unreliable negative control because cytokine posi- 
tive cells can be found without in vitro stimulation. Moreover, the augmentation 
of nonspecific staining during stimulation cannot be detected in nonstimulated 
cells (Fig. 3). 

O. jvcitucu icuiiiiiques. me ciizymc-iiiiKcu iiiiiiiuiiuspui (ELioruij assay is an 

£sn <-i-\rm cs 1 -i n\s- a r\ immnrtOAfnant nnoriTr il-<\ Tv A 1 Knoan tannrn/ina tnnt annmap 

v^iizj y iiiv-iiiiivv^v.i 1 111111 lhjovj j. ucm cioociY \^ijL/iijn.y"uaL)uu iv^viiiiiuuv' uncii v/iiauiui? 

detection and enumeration of cytokine- secreting cells at the single-cell level (11). 
In contrast to the introduced technique, colored spots represent secreted but 
not intracytoplasmic cytokines of a single cell and are counted by microscope. 
This analysis is even more time-consuming than flow-cytometric analysis. 
Secreted cytokines can also be investigated by flow cytometry if cells are 
microencapsulated in an agarose matrix, which is used to capture biotin-labeled 



Fig. 1. (see opposite page) Comparison between FITC- and PE-conjugated mono- 
clonal antibodies in the detection of CD14-positive cells. Dot plots show staining 
with FITC- and PE-conjugated CD 14 on a logarithmic scale (y-axes) vs side-scatter 
characteristics on a linear scale (x-axes). The rectangle (B) demonstrates the gate 
of CD14 positive cells (1.1, 1.2, 1.5, 1.6). Single-parameter histograms display the 
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itiauvt v^n iiuniu^i uii a mi^ai a^ait ^V-axeSJ vs \^isi^ aiaiiuiig, uii a lOgariUlliiiu a^ai^ 

(x-axes). The peak of CD14-positive monocytes is shown to the right of the solid lines 
(E) (1.3, 1.4, 1.7, 1.8). CD14 expression decreases especially after 10 h compared with 
5 h of stimulation with LPS. The use of PE-conjugated monoclonal antibodies (right- 
hand panels) allows a better differentiation between CD 14 positively and negatively 
stained cells. 
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2,2: Interleukin-6 
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2.3: Tumor necrosis factor-a 
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2.4: Macrophage inflammatory protein- 1 
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cytokine -specific antibodies using avium as a bridge. Secreted cytokines are 
captured by this antibody and are detected by a second fluorochrome-labeled 

^'\^l"nVinp-ct^p^•ifi^ , nntihnrKf hv flnw putnmptn/ ff?\ Thic tpr-hnimip ic rvrpfprn n.1 p 

if cells should stay viable for subsequent assays. A good correlation with minor 
kinetic differences has been demonstrated between the determination of cytokines 
in the supernatant by ELISA and intracytoplasmic cytokine detection by flow 
cytometry (1,13, personal observations), as well as intracytoplasmic and surface 
cytokine expression (14). 



Fig. 2. (see opposite vase) Intracvtoplasmic staining of IL-la, IL-6, TNF-a, and 
MlP-la in monocytes. Representative dot plots show staining with FITC-conjugated 
monoclonal antibodies against cytokines (y-axes) vs PE-conjugated monoclonal 
antibodies against CD 14 (x-axes) on a logarithmic scale. Positive events are completely 
blocked if stimulated cells are preincubated with unlabeled anticytokine monoclonal 
antibodies before the addition of fluorochrome-labeled antibodies of an identical 
specificity (left-hand panels). The quadrant markers (C) for the bivariate dot plots are 
set according to this negative control, allowing less than 2% of positive ceils in the right 
upper quadrants. Stimulated monocytes stained with fluorochrome-labeled antibodies 

orroinot TI U (O 1 ^ TT f. (O 0\ TNF-fY (1 ^ ^nA MTP-1 (0 A\ Qfo chr^im ir» tho i-i frht 
tigjCtxiioi. xi_/ i\a ^. ly, jj_/ v y^.^jj, 1111 va y^j.^j y, ciiiv_i inn 1 y^.—rj u-i\^ jnu vv 11 in uiv iigin 

upper quadrants (right-hand panels). They represent cytokine-producing monocytes of 
the CD 14-do skive cell nonulation. IL-8 staining in monocvtes is shown in Fm. 3. 



Fig. 3. (see following page) The ability of different negative controls to discriminate 

or*pr»ifir> €rr\m nr»r»er\Ar*i fir* ctaininrr ie illnetratpH in a rc*r\rc*Qe*ntckt\\7e* r*aeA T^r»t r*1nto 

U UVV1I1V ilUUl 11V11JLIW1HV jmilllllt 1U UIUJUUIV/U -11-1 1-1 L VJJ-1 VJVUI.UU T V VUJVi J--' V «- JJ1VHJ 

(left-hand panels) show staining with FITC-conjugated monoclonal antibodies against 
IL-8 (v-axes) vs PE-coniugated monoclonal antibodies against CD 14 (x-axes) on a 
logarithmic scale. Single-parameter histograms (right-hand panels) show the relative 
cell number on a linear scale (y-axes) vs IL-8 staining on a logarithmic scale (x-axes). 
The quadrants (C) and solid lines (D) are set according to the purified antibody- 
blocking control (see Subheading 3.6.). IL-8-positive monocytes are represented in 
dot plots in the right upper quadrants and in single-parameter histograms to the right 
of the solid lines (3.4). The incubation with purified anti-IL-8 antibodies prior to 
staining abrogates selectively specific staining and exposes the peak of nonspecific 

sianiiiig V^'V Compared wim mc jjusiuvc ^uiiiiui yj.^). ouiiiuicucu ucns suuiicu wiui 

isotype-matched antibodies (3.2) failed to detect the enhancement of nonspecific 

Qtninino nffpr Qtinrmlnti nn with LPS illustrated bv the nrnfnnnH Hictntirp hptwppn 

the peaks in 3.1 and 3.2. Furthermore, the use of nonstimulated cells did not exactly 
differentiate specific from nonspecific staining compared with the purified antibody- 
blocking control (3.1 and 3.3). 



3.1: Purified antibody- blocking control 
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Flow-Cytometric Immune Function Methodology 
for Human Peripheral Blood Dendritic Cells 

Kerstin Willmann 



1. Introduction 

The following describes the use of flow cytometry to detect the immune 
response of circulating CD1 lc+ and CD1 lc- (CD 123 high, pre-DC2) dendritic 
cells on a single-cell level (1-4), Flow cytometry is an analytical and prepara- 
tive tool for immunology (5,6) . Its use has rapidly advanced the accurate quanti- 
fication of peripheral blood cell populations. Today, it facilitates the assessment 
of patient diagnosis and treatment ( 7,8), Recent studies have demonstrated the 
importance of investigating not only the presence but also the functionality 
of specific leukocyte subsets (9-12), Several dendritic cell (DC) populations 
are currently being investigated in various disease states, and the need to 
understand their functional roles is well recognized (13-22). The field of DC 
biology has developed slowly over the past three decades. This is the result, in 
part, of their low frequency, the lack of specific markers, and their fast turnover 
rate upon isolation (17,19,22,23), In spite of these limitations, the importance 
of DCs as the professional antigen-presenting cells of the immune system 
is well understood (17,23-26). DCs present antigen to naive and memory 
T cells and are believed to control T-cell polarization depending on the DC 
subset, the type of DC maturation signal, and the duration of DC activation 
(4,17-19,22,26-28). DCs affect T-cell responses not only by direct contact 
during antigen presentation but also through cytokine production (21,29-31). 
The DC immune function assay is derived with modifications from methods 
that have been described earlier to measure cytokine secretion in T cells and 
in monocytes (32-37). It presents a well-optimized tool to detect the immune 
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function of fresh peripheral blood DCs, eliminating extensive leukocyte 
processing and enrichment procedures (1,2,4). The described protocols in 
Subheading 3. give examples of tumor necrosis factor (TNF)-a, interleukin 
(IL)-l-p, and IL-6 cytokines and their kinetics, as well as the detection of CD80 

— J r*no „,~ii ~„4-„i-i:„u ~ J r\/^ -f 4- 4-1 — J — 4-1^,^4-1 i„ 

illlU L.UOJ WCll-tJSUtUllMlCU U\^ bUllitUC llliiLUItlUUll £U1U itUU VilLlUll lllitl 1S.CI S 

(17,23,38). 

iiic ±-/v_. iiicuiuu is wuinpus^u ui iuui uasiv steps, uie awuvauun ui wnuic 

peripheral blood (Subheading 3.1.), sample processing (Subheading 3.2.), 

iiuw-tj' luhic;l±1v aaiiipi^ av^quiaiuun \1juu11cau111g .j..j.,j, anu uata anai^aia 

(Subheading 3.4.). During cell activation, blood is exposed to an activating 

agviit, 111 una taat uaciLiiai iip^pwij aaccnaiiut/ V 1 -^ * J ^- x ^ ulllcl iiiLiavviiuiai 
vj njiviiivd, tiiv l3ihiuii.ciiiv^^uj auuiuun v^i a dvvivmjn iniiiuinji 10 uuv/iai. .ui v± viu.iiii-1. 

(BFA) is used to disrupt the Golgi transport, which leads to intracellular 

a^^uiiiuiauuii v^i uuiw vvio^ ovvivivia vj vwiviiivo. tt nui Ljuna^t- amignio ciiv 

chosen as a functional readout, Golgi-disruptive agents cannot be used because 

triAif olcn l~\lr\r»lr fnp troncnnrt rvr n^iij^T- cimmAci7A/i mtAftrol nrntAinc tr\ trip r»(=kll 

surface. Therefore, two different protocols apply for the detection of surface 

\7prcnc irii~T"ar»Pk11ii1 ar tarrvpfc qc "Fnrir»tir\riQl T"PkQr1r\iitc r^liiliViOQiiinoc 111 a-nrl 

VV1JUJ 111UUVV11U11U LCll (L. \S 1-kJ UO 1U11VL1U11U1 X V^tt\_l-V^U.l.iJ \UIIM11VUV1111CJ «_'.A.A« LAAAVA 

3.1.3.). The sample processing requires 2 h and is the most labor-intensive 

ctrf^n nf tVifi nrr»r , f i rliirf i TVi^ dliniint^H KlooH ^fnliimp r«cin \mr\7 frnm 1 OH tr\ 

OWL/ V-fJ- HIV UlWVUWlVi A 11V H A -I \J W \J IV VI U1WV1 TV^Atl-AAAV^ VU11 T MJ- V 11V111 1UU I.V 

300 fxL using the described 5-mL tube format. The author recommends 

tVip iicp nf ^00 uT hlnnH nnt nlrlpr tVifin 1A h TVip camnlp nrnrpcQincr ctpn 

VJ.1V V* <J-^ V^-L »_^ V^ V^ IA/X^ *_T AX^ Vv' ^-*^ JLJLV-' V X_/ J- X^f- 1 ^^ A VJ.J.V111 ^— ' I JLJL • J- J-JL'W Jtllll |_/X^- |_/ A V^ '^^ '^^ kJ J111C, U V'^' |_/ 

inrlnrlpc in r-hrnnnlncrirril nrHpr rpll Qiirfi^rp ctainina rpH hlnnH rpll Ivcic rpll 

lllvlliVI-VU* J.XJ. vlll v/llV/lv/wl vtil vl Vl- vl • VVll J UI 1 W V V U LU111111 W • X \^\A- *^r j_ v-» V^ X^»- VVll J- T UJ-U» vvll 

permeabilization, and intracellular cytokine staining (Subheading 3.2.1.) or 

eel] Surface strnnina anH rpH hlnnH cell lvsis for Surface functional rmr\nnt<z 

(Subheading 3.2.2.). Washing steps are conducted after surface staining, 

nprmeahilizatinn and intracellular stainina PpII fiyatinn takps nlarp Hiirina 
J-"""^""-^ — _„_^„ v „, „^^~ ^ — ^^ ^^„^ — — .^^„^^ . _„„ ^^.^^„_^^ „^^^ ^^^ -— o 

the red cell lysis and cell permeabilization. The processed sample should be 

acquired within 1 h on a flow cytometer. Standard flow-cytometric procedures 

use two scatter parameters, representing cell size and cell granularity, and up to 

four fluorescence narameters to identifv the cells of interest and to determine 
— «. j. __ j _ — i _ 

their cellular function, by changes in immunophenotype and protein secretion 

nattern. resnectivelv. Here, the data analvsis reauires the combination of three 

A " A J ' " J A 

fluorescence parameters to allow the identification of CDllc+ and CD lie- 

A^ 

peripheral blood DCs, leaving one fluorescence parameter to determine the 
functional readout oer sample. The time-to-answer of the methodolosv varies 

A A <*-J^ 

depending on the duration of sample activation. For TNF-a, the time is 4 h: 
2 h for cell activation and 2 h for sample processing. The basics of the procedure 
can be applied to other intracellular targets, activation agents, and different 
subsets of DC populations. To address higher-throughput needs, it is possible 
to scale down the assay to a 96-microtiter-well plate format. 
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. iviaiei lais 

The immune function methodology has been optimized in great detail with 
the following materials. It is unknown if similar products provide the same 
results with the protocols described in Subheading 3. 

2. 1. Blood Activation 

1. BD VACUTAINER® tubes with sodium heparin for blood collection (sterile 
12 x 75-mm style) from BD Discovery Labware (Bedford, MA, cat. no. 367671). 

2. Falcon® 5-mL polypropylene round-bottom tubes with caps (12 x 75-mm style) 
from BD Discovery Labware (Bedford, MA, cat. no. 352063). 

i r\: j-u. t i „„i-c~„:,j,. mnior\\ .c, o: , /cu t :„ aja ^„+ t\ omn\ 

J. L^llllCUiyi SUllUAlUC \LJl\LOKJJ 1IU111 Olgllltt \Ol. J^UUIS, 1V1W, uai. 11U. lj-o I iy). 

A T DC frr\m CintYin /"Ct T milC lV/T^ ^.ot -ns\ I 0^</l^ A/ToVia o*-i T DC otrt^V dn1n^r>ti 

T. IjI WJ 11W111 wJlglllCl ^UU. J-J^UIO, 1Y1W, \^CIX. 11VJ. l^-^VJw'T y J. lYXCtlVV^ till J-/1 wJ lJIUVIV JU1UUU11 

of 0.5 mg/mL in DMSO and store 20-jxL aliquots at -70°C. LPS dissolves easily 
in DMSO at room temperature. To make an LPS working solution, thaw a 20-u_L 
aliquot of the 0.5 mg/mL LPS stock solution and dilute it 1 : 10 in IX phosphate- 
buffered saline (PBS) to achieve a final working concentration of 0.05 mg/mL. 
Use this solution within 1 h. 
5. Brefeldin A (BFA) from Sigma (St. Louis, MO, cat. no. B-7651). Make a BFA 
stock solution of 50 mg/mL in DMSO and store at -70°C. To make a BFA 
working solution, thaw the 50 mg/mL BFA stock solution and dilute a 5-jxL 
aliquot 1 : 100 in IX PBS to achieve a final working concentration of 0.5 mg/mL. 
Use this solution within 1 h. 

/^ Dl, rt p«l, n t/, U^-PP^^ ^^K^^. /TTDO\ 1 V 

\j. jriiuapiiai^ uuiiti aanii^ yruvj) i^v. 

1 \Tcvr+e±~v 

2.2. Sample Processing 

1. Lineage cocktail 1 (lin 1) FITC from BD Biosciences (San Jose, CA, cat. 

r»r\ ^/Ifl^/lf^ Tho linonno r« r*r»Vt a -il r>Afitoinc a TYiivtnro r*f ar»tiV\r\r1-ioo that ctnin 

11V7. ^>—W\J^J—T\J J . 111V lAllX^Clg,^ V>V/\^1VI.C1,11 \^V/111.C1.111l3 Cl 1111/VIU1V \JL l*lH.liyV7V_H\^iJ LI1CIL JLU1II 

lymphocytes, monocytes, eosinophils, and neutrophils. Lin 1 includes antibodies 
to CD3, CD14, CD16, CD19, CD20, and CD56. The use of CD19 and CD20 
in parallel provides a brighter staining of B-cells with lin 1. Peripheral blood 
dendritic cells and basophils can be distinguished from other leukocytes by their 
lack of staining with lin 1 FITC. The lin 1 antibody cocktail is provided at working 
concentration. Store the monoclonal antibody reagent at 2-8°C in the dark. 

2. Anti-HLA-DR peridinin chlorophyll protein (PerCP), 0.0125 mg/mL (cat. no. 
347364); CDllc allophycocyanin (APC), 0.025 mg/mL (cat. no. 340544); 
CD80 phycoerythrin (PE), 0.0032 mg/mL (cat. no. 340294); anti-TNF-a PE, 

r\ f\f\T-\ / y /„„j. i/iAci^\. j.: tt 1 onr r\ r\r\i / t /„„j. 1/iaci/:\. 

U.UU^Z,IIlg/IIll^ (Ucll. I1U. JtUJlZJ, ctllll-lJ^-l-p rJ3, U.UUJ Illg/Illl^ (Ucll. I1U. JHUJ1UJ, 

anti-IL-6 PE, 0.0015 mg/mL (cat. no. 340527); all from BD Biosciences, San 

Tr*Oi=» C* A All Tnr*nr»i^1r»Tin1 nntihnrh/ cr*1ntir»nc firp rvrrvuirli^rl nt ix/rvrVinrr nnrippntrQ- 

if V/UV^ %^-i i. A- iAA 111V/11W1V11U1 tillHUUVIJ UV1WUV11U C1.1 V/ |~/A V^ T 1UV/U fc*W TT WAA"VAAA£l W11VV11UU 

tion. Store reagents at 2-8°C in the dark. 

3. CD83 PE custom product, working solution 0.05 mg/mL, from BD Biosciences 
(San Jose, CA). Store monoclonal antibody reagent at 2-8°C in the dark. 
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h-. r/\v_o losing ouiuuun (iua; iiuiii du diusuiciiucs (oan jusc, v_/\, uau nu. 

349202). Make a IX working dilution with deionized water. Store at room 

tpmnpraturp n?T^ 

LvlllL/Vliil-U-1 v \ avx /* 

5. FACS Permeabilizing Solution 2 (1 OX) from BD Biosciences (San Jose, CA) cat. 
no. 340973). Make a IX working dilution with deionized water. Store at RT. 

6. Wash buffer (IX PBS with 0.5% bovine serum albumin [BSA]). 

7. Falcon 5-mL polypropylene round-bottom tubes with caps (12 x 75-mm style) 
from BD Discovery Labware (Bedford, MA, cat. no. 352063). 

8. Falcon 5-mL polystyrene round-bottom tubes (12 x 75-mm style) from BD 
Discovery Labware (Bedford, MA, cat. no. 352052). 

9. Sorvall benchtop centrifuge, 
u. vonex. 

2.3. Flow-Cytometric Sample Acquisition 

me luiiuwuig wuiiipuiicins cue a uuiiipiciiieiiLtu^ system tnat is sptumeaiiy 

designed for the multicolor analysis of fluoresceine isothiocyanate (FITC), 

piijeueij tiiim v^x J_J^, p^iiuiiiiiieiiiuiupii^ii piuteiii ^1 wl-1 ), anu anupn^ cu^y aiini 

(APC). Other fluorophore combinations cannot be used because they have 

aiu^niau^ aVatuiii ii^uiiuiii^iiLa. 



1. FACSCalibur dual-laser flow cytometer. 

2. FACSComp™ software for instrument setup. 

3. CellQuest™ or CellQuest Pro software. 

4. CaliBRITE 1M 3 beads, unlabeled, FITC-, PE-, PerCP-labeled for instrument 
setup (cat. no. 340486). 

5. CaliBRITE APC beads for instrument setup (cat. no. 340487). 

All products are distributed by BD Biosciences (San Jose, CA). 

2.4. Fiow-Cytometric Data Analysis 

CellQuest, CellQuest Pro, or PAINT-A-GATE Pro™ software from BD 
Biosciences (San Jose, CA). 

3. Method 

3. 1. Blood Activation Protocols 

I y-\l 1 ^ay^f- Trannur \-\ 1 /~k r-\ s-\ r~\T rt r^vm o 1 r\ /-^n s-\ra irt rnrinim na«ni"in \/Al I l ' I ' A I Ixl I— i D 
V^V^ll^^L VUlUUiS U1UUU Wl 1HJ1111C11 UU11U1 13 111 l3^U.1U111 HV^pClllll vr^\^\j inil^lljlV 

tubes. Other anticoagulants severely compromise the functional capacity of 

1 \rmr\V»/"\r»A7<-£*e o-r»r1 o-ro -r»/^t ro^rvmmonrlarl icisisj lxrktft 1 1 
i y iiiunuv y iwij ciilkj. u,±\~s nui ± v^^wj-L±i-L±v^±±vJ.v^ci \^Jtt liUlc J -y« 

3. 1. 1. Blood Activation: Intracellular Cytokine Detection (TNF-a) 

Peripheral blood is activated with LPS at 1 ^ig/mL final concentration 

Itl ttipk nrACAtir>p n^-f c (^nr^tt nrt inhihitrvr "R-tvaf^lHi-n A ^T^ThA^ at 1 C\ nrr/mT final 

111 L11V I/IVDVIIV/V V/l JWVlV/LlUll 111111 Ly J. l-Vyi 1J1V1V1U111 A 1 \J_/1 A \. 1 UL ivy U/£l/ 1111—/ 1111U1 
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concenirauon. rne baseline of TNF-a expression is determined with a resting 
control that contains BFA but lacks the stimulus LPS. Instead, stimulus solvent 
i:s auucu to utuaiiec uic concentration ui ul\lo\j in aeuvatcu anu resting 
samples. Activated and resting samples are incubated in parallel. 

Prepare activated control: 

• Add 1 mL of whole human blood to a 5-mL polypropylene round-bottom tube. 

• Add 20 uL of LPS working solution (0.05 mg/mL) to the same blood and vortex. 

• Add 20 uL of BFA working solution (0.5 mg/mL) to the same blood and vortex. 

• Incubate for 2 h. 

Prenare resting control: 

• Add 1 mL of whole human blood to a 5-mL polypropylene round-bottom tube. 

• Add 20 uL of DMSO diluted 1 : 10 in PBS IX to the same blood and vortex. 

• Add 20 uL of BFA working solution (0.5 mg/mL) to the same blood and vortex. 

• Incubate for 2 h. 

C0 2 . During incubation, cap tubes loosely to prevent evaporation of the sample, 

\j\xv v\j ch±\j vv g,t*Lj VAvnaiitu. niu Ui3^ ^± yjyjLy yj±\jyjy av^iiv^ xcilj vv cut \^ iui j-v\_^ uvu v cilj.^±± 

is important because it increases the DC recovery. DCs can stick to polystyrene 

curfo^pc ai-irl ma\r r\<=» lr\ct fnr furflipr onol\7Cic 

OUllUWO ClAAVA ±i±ClV l^»V^ lUJl 1U1 1 ui uivi unui V 010. 

3. 1.2. Blood Activation: Cytokine Kinetic Assay (TNF-a, IL-1-§, IL-6) 

Tnrvr tV»(^ Hptprmindhnri r\"f rx/tr^Vinp Vir«i='tir , c T PQ_Qr , ti\7Qt«='rl M/Viril^ K1nr\rl ic 

-1- \S±. H-J-V^ WVtVlllllllUUVll V^J- V/V IV1V111V IVlllWUVLIj J—/J. VJ UVll V UIVU TT 11V1V L/X\_/V^\J- J.LJ 

processed every hour in a time window from to 8 h of incubation. Follow 

thp h^cir* nrnfpHnrp Hpcr n, rihprl in SllllllPaHllIP ^11 fr\r thp nositive activation 

control (7) with one variation: BFA is added to whole blood during only the 

lact hour nf camnlp inclination Thic determines thf*. CVtokine nroHiir'tinn in 

IktUV AAV-' Vtl V^-L UMlllk/lV 111 V Li L/ CiLl V/ll • 1 lllU X^#-^ VWA llllllV U LllV ^ T W-'A^AAA^ L/l V/ VJ- W V H V/ll AAA 

1-h time increments. Each time-point requires the preparation of one activated 

whnlp-hlnnH samnlp 

,,^ — ^~ i_>± ±-l±[_/±^. 

3.1.3. Blood Activation: Functional Surface Antigen Detection (CD80, CD83) 

Peripheral blood is activated with LPS at 1 |xg/mL final concentration in 
the absence of secretion inhibitor BFA. The baseline of CD80 and CD83 
expression is determined with a resting control that lacks LPS but contains 
stimulus solvent to balance the concentration of DMSO in activated and resting 
samples. Activated and resting samples are incubated in parallel. 

Prepare activated control: 

• Add 1 mL of whole human blood to a 5-mL polypropylene round-bottom tube. 

• Add 20 fiL of LPS working solution (0.05 mg/mL) to the same blood and vortex. 

- invuuatv iui t i±. 
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Prepare resting control: 



Add 1 mL of whole human blood to a 5-mL polypropylene round-bottom tube. 
AHH 90 nT nf m\ 

Incubate for 4 h. 



AHH 90 nT of DMSO diluted 1 • 10 ill PBS IX tO the c^mP VilnnH nnH vnrtPY 



The cell activation is performed at 37°C humidified atmosphere and 5% 
C0 2 . During incubation, cap tubes loosely to prevent evaporation of the sample, 
but to allow gas exchange. The use of polypropylene labware for DC activation 
is important because it increases the DC recovery. DCs can stick to polystyrene 
surfaces and may be lost for further analysis. 

%Sm^w wmiiiwiw ■ * WWWWIIIU ■ I WIWWWIW 

The activated and resting control samples are processed in parallel for 
acquisition by flow cytometry. All steps of the procedure are performed at RT 
and in polypropylene tubes. 

3.2,1, Sample Processing: Intracellular Cytokine Detection 

Sample processing for intracellular antigens includes surface staining 
with fluorophore-conjugated antibodies, followed by red blood cell lysis, 
cell permeabilization, and intracellular cytokine staining using fluorophore- 
conjugated antibody. This protocol uses activated and resting samples from the 
procedure in Subheadings 3.1.1. and 3.1.2. 

1. Add 120 u.L lin 1 FITC, 60 \xL anti-HLA-DR PerCP, and 30 \xh CDllc APC to 
an empty 5-mL polypropylene round-bottom tube. 

2. Add 300 fxL whole blood (WB) to the antibody mixture and vortex. 

3. Incubate for 15 min at RT in the dark. 

4. Add 3 mL FACS Lysing Solution IX working concentration, cap tubes, and 
vortex. 

5. Incubate for 10 min at RT in the dark. 

6. Centrifuge 7 min at 500g. 

7. Aspirate supernatant carefully and vortex gently to break off the cell pellet. 

o. rvcsuspciiu s unav^c- s icuiicu ^cus 111 i ull, i /-vv^o it ciincauiiiZjiiig ouiuuuii i^v 

working concentration. 
9. Incubate for 10 min at RT in the dark. 

10. Add 2.5 mL wash buffer, can tubes, and vortex eentlv. 

11. Centrifuge 10 min at 500g. 

12. Decant the supernatant instead of aspirating. 

13. Resuspend permeabilized cells in remaining supernatant of the 5-mL tube 
gently. 

14. Add 20 piL anticytokine PE reagent for intracellular staining. 

15. Incubate for 30 min at RT in the dark. 

16. Add 2 mL wash buffer and vortex gently. 
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i /. v^eiiuiiuge iu nun ai juu^. 
18. Decant the supernatant. 

1 Q T?pcncnpnH thp nnw intrnr'plliilnr-ctninpri c\rtr\ nprmpriKiliyprl rpllc in annrnv 900 11T 

wash buffer. 

20. Acquire the samples in ^1 h on the flow cytometer. 

21. Store samples at 4°C if not acquired immediately (see Note 2). 

3.2.2. Sample Processing: Functional Surface Antigen Detection 

Sample processing for functional surface antigen detection includes cell 
surface staining with fluorophore-conjugated monoclonal antibodies followed 
by red blood cell lysis. The protocol uses activated and resting samples from 
the procedure in Subheading 3.1.3. 

1. Add 60 mL lin 1 FITC, 30 uL anti-HLA-DR PerCP, 15 \iL CDllc APC, and 
20 uL CD83 PE to an empty 5-rnL polypropylene round-bottom tube. 

2. Add 60 [xL lin 1 FITC, 30 \xh anti-HLA-DR PerCP, 15 fxL CDllc APC, and 

f\C\ 1 1 T f^r^SO PP tr\ q cprnnrl pmnty ^_mT nnlT/r*rrvn\/l^n^ rrvnnrl-hnttnrn tnK^ 

3. The following processing steps apply to both sample tubes: 

a. Add 300 uL WB to the antibody mixture and vortex. 

b. Incubate for 15 min at RT in the dark. 

c. Add 3 mL of FACS Lysing Solution IX working concentration; cap tubes 
and vortex. 

d. Incubate for 10 min at RT in the dark. 

e. Centrifuge 7 min at 500g. 

f. Aspirate the supernatant and vortex to break off the cell pellet. 

g. Add 2 mL wash buffer and vortex. 

u r* — ,+^-P, n ~,:~ „+ cnn„ 

n. v^ciiuiiugc / mill ai juu^. 

i. Aspirate the supernatant. 

i. Resus^end stained cells in a nn rox 200 |J L of wash buffer. 

k. Acquire the samples in ^1 h on a flow cytometer. 

1. Store samples at 4°C if not acquired immediately (see Note 2). 

3.3. Flow Cytometry Protocols 

3.3.1. Instrument Calibration 

The now cytometer is set up for acquisition of nuorescently stained blood 
samples, derived from Subheading 3.2., with CaliBRITE beads and FACS- 
Comp software. The four-color bead system is composed of unlabeled beads 
ana riiL,-, re-, rerL.r-, ana /\r^-iaoeiea oeaas tnat mimic autonuorescence 
of leukocytes and fluorescence emission of stained cells. Beads and software 
provide a system that automatically adjusts the instrument sensitivity and 
corrects for spectral overlap of the fluorescent dye emissions, known as 
fluorescent compensation, respectively. 
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FSC 

Fig. 1. Instrument setup using processed peripheral blood. The optimal FSC 
threshold is defined in a SSC vs FSC plot prior to sample acquisition (see arrow). 
This provides maximal exclusion of cellular debris in the data files. All leukocytes 



are shown as they appear during instrument setup. The SSC and FSC parameters are 



displayed in a to 1024 linear scale. 



1. Freshly prepare one tube with 1 mL of sheath fluid or wash buffer and a second 
tube with 3 mL of sheath fluid or wash buffer. 

2. Then, add one drop of unlabeled beads and APC -labeled beads to the first tube 
and all five beads, unlabeled — FITC, PE, PerCP, APC — to the second tube. 

3. Vortex and follow the FACSComp software instructions on the computer that 
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the DC immune function protocols. 

3.3.2. Sample Acquisition 

A flow cytometer counts particles, including cellular debris, as well as 
leukocytes of interest. It is the goal to include as little cellular debris as possible 
and to maximize the cell count in every data file. The forward scatter (FSC) 
parameter is a relative measure for particle size and, optimally adjusted, it 
reduces the number of small debris events in the data files. For this reason, we 
recommend fine-tuning the FSC threshold prior to sample acquisition (Fig. 1). 
The threshold setting mieht need to be readiusted when a different set of 
samples is run (i.e., LPS vs LPS and BFA-treated samples). 

Dendritic cells are found at low frequency in peripheral blood. Therefore, 
manv cells (events) have to pass through a flow cvtometer to collect a statisti- 
cally significant number of DCs (see Note 3). The more events that are 
recorded, the more space a data file takes for storage. Therefore, many flow- 
cytometric investigators choose live gating as an option in rare-event analysis 
during sample acquisition. The use of an acquisition (live) gate reduces the 
number of irrelevant leukocytes over the number of desired DCs in a data file. 
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Fig. 2. Instrument setup using processed peripheral blood. The region Rl defines 
the HLA-DR vs lin 1 live gate, which needs to be activated during sample acquisition 
on the flow cytometer. Events positioned outside of the region are not stored in the data 
file. All leukocytes are shown as they appear during instrument setup. The fluorescent 
parameters are displayed in a four-decade logarithmic scale. 

For DCs, the acquisition gate is defined in an HLA-DR PerCP vs lin 1 FITC 
dot plot by brightly stained HLA-DR and negative-to-dim lin- 1 -stained events 
(see Fig. 2). The boundaries of the acquisition gate need to be defined carefully 
because any event outside of it will not be recorded in the data file. For rare- 
cell populations, the data analysis can be inefficient without the use of live 
gating during sample acquisition because large data files (>50,000 events) 
significantly slow down the speed of data processing. Use the entire cell 
suspension of each sample for acquisition, which yields around 5000 to 8000 
events. It might be helpful to prepare an additional sample to perform the FSC 
threshold adjustment and to define the acquisition gate. 

3.4. Data Analysis 

Dendritic cells can be characterized by low FSC and side scatter (SSC), 
hi^h exnressinn levels of HLA-DR. and lark of or minimal staining for lineage 

markers. Two different gating strategies have been developed for CDllc+ and 
CDllc- DCs (see Figs, 3 and 4). CDllc+ DCs respond to LPS stimulation, 
as shown by the detection of increased levels of TNF-a, CD80, and CD83, 
whereas CDllc- DCs remain unresponsive for TNF-a (see Figs. 5 and 6) 
(see Note 4). 



3.4. 1. CD1 1c+ DC Gating Strategy (Fig. 3) 

1. Create an SSC vs CD1 lc dot plot and display all events of the data file. 

2. Draw a reeion Rl to include CD1 lc bright and SSC low events as demonstrated 
in Fig. 3. The drawing of region Rl is not based on a discrete cluster resolution. 
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Fig, 3, Data analysis. Identification of CD I lc+ DCs. The first row shows [.PS-activated samples and the second row displays 
resting peripheral blond. From ihc left to the right* ihc plots arc ungated, Rl gated, and "R3 = Rl and R2" gated, The drawing 
of region R I is not based on a discrete cluster separation Lw Subheading 3AA. for details). CD I lc+ DCs are defined by low- 
scaiter characteristics, high CD I le and high I ILA-DR expression levels, and lineage cocktail 1 dim staining. The lineage cocktail 
includes CD\ CD 1 4, CD 1 6, CD 19, CD20 t and CD56. The HLA-DR versus CD 1 1c dot plot displays CD) lc+ DCs. The SSC is 
displayed in a to 1024 linear scale, and the fluorescent parameters are displayed in a four-decade logarithmic scale. 



Flow-Cytometric Immune Function 



51 







R1. 


■ 




,\ •; .,» 


■ ■■ " "■ i_JL" 


it"^ 




; --^JiEfi 


§•' f-j^l* 




D_ 








o 


■^^Mi^^ 








rf tCWl 






0. 








or 


^ /^HDUSn 






LL. 


■ ■'-■rni 


BV 




Q 


■■'.iSgjP 


P 




5 


-tf^ 






^^a 








-J- 










lin 1 FITC 



CDHcAPC 




Q_ 

y 

CL 
DC 
Q 







# 

?%$&?[ 









lin 1 FITC 



CD11CAPC 



Fig. 4. Data analysis. Identification of CD1 lc- in LPS-activated blood. The first row 
shows LPS-activated samples and the second row displays resting peripheral blood. 
CDllc- DCs are defined by their high HLA-DR expression and their lack of lineage 
markers and CD1 lc antigen. The left plot is ungated. The right plot is gated on Rl. The 
fluorescent parameters are displayed in a four-decade logarithmic scale. 



3. Create an HLA-DR vs lin 1 dot plot that is gated on Rl. 

4. Go back to the SSC vs CDllc plot. Now, adjust the position and size of region 
Rl while observing the changing cluster separation of the HLA-DR bright lin 1 
dim events in the Rl gated HLA-DR vs lin 1 dot plot. Choose the final definition 
for region Rl that reflects the best cluster resolution for the brightest HLA-DR 
and least lin- 1 -stained event. 

5. Draw a region R2 around the cell cluster with minimal lin 1 and highest HLA-DR 






6. Create a logical gate "G3 = Rl and R2" in the gate list. 

7. Create a TNF-a vs CD1 lc dot nlot. a CD80 vs CD1 lc dot plot, and a CD83 vs 
CD1 lc dot plot that are each gated on "G3 = Rl and R2." See Fig. 5. Additionally, 
you can create a TNF-a histogram that is gated on "G3 = Rl and R2." 
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Fig. 5. Flow cytometric results of TNF-a, CD&L and CD83 in CD I lc+ DCs. All plots display approx 51M) cells. The 
upper row ill u stratus the upreyukncd expression of the functional markers in response to LPS stimulation, whereas the lower 
row displays the baseline expression of resting CD1 lc+ DCs, See Fig. 3 for gating strategies. The fluorescent parameters 
art; displayed in a four-decade logarithmic scale. 
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CD11cAPC 

Fig. 6. Flow-cytometric results of TFN-a in LPS -activated CDllc- DCs. CDllc- 
DCs appear nonresponsive to LPS stimulation. Compare to Fig. 5. See Fig. 4 for gating 
strategies. The fluorescent parameters are displayed in a four-decade logarithmic scale. 



CDllc+ DCs have low-scatter characteristics and highest expression levels 
of CDllc among all leukocytes. This gating strategy does exclude CD 11c- 
events from the Rl -gated HLA-DR vs lin 1 dot plot, resulting in improved 
cluster separation of CD11C+ DCs and non-DC leukocytes (7). Compare the 
resolution of the HLA-DR vs lin 1 dot plots in Fig. 3 (Rl gated) and Fig. 4 
(ungated). These plots are generated from the same data file (see Note 4). 
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1. Create an HLA-DR vs lin 1 dot plot and display all events. 

2. Draw a region Rl to include events with minimal lin 1 and highest HLA-DR 
staining. 

3. Create an HLA-DR vs CD1 1c dot plot that is gated on Rl . 

4. Draw a region R2 around CD1 1c- and HLA-DR-positive events. 

5. Create a logical gate "G3 = Rl and R2" in the gate list. 
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Fig. 6. 

For functional surface markers, this two-step gating strategy cannot suf- 
ficiently resolve CDllc- DCs all the time (Subheading 3.1.3.). In these 
samples, the resolution of HLA-DR bright and lin 1 dim DCs is decreased 
from non-DC leukocytes. For this reason, we do not recommend this gating 
strategy for the inexperienced user. Instead, the reader can use CD 123 as a 
positive identification marker in combination with HLA-DR and lin 1. This 
requires the processing of an additional sample set (Subheading 3.2.2.), 
because CDllc+ DCs cannot be reliably identified by the use of CD123, 
HLA-DR, and lin 1 cocktail (see Note 4). 
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Fig. 7. Kinetics of TNF-a, IL-lp, and IL-6 in LPS-activated CDllc+ DCs. The 
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PE median fluorescence intensity. TNF-a was produced first, then IL-lp and IL-6. 
See Fie. 3 for eating strategies. 
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The low frequency of peripheral blood DCs and indirect staining procedures 
are creating technical challenges in the detection of DCs in unseparated 
samples. As demonstrated with these protocols and associated results shown 
in Figs. 5-7, it is possible to perform these tasks in a step-by-step procedure. 
Beyond the information already provided, the author would like to share a few 
additional comments for a successful performance of the assay: 

1. The inability to detect a cytokine signal may be the result of insufficient 
permeabilization or inactive BFA or LPS solutions. Incorrect storage conditions 

a. \S 

may inactivate LPS or BFA solutions. It is imperative that correct dilutions and 
concentrations for solutions like FACS Permeabilizing, BFA, or LPS are used. 
Blood drawn in other anticoagulants than sodium heparin should not be used. 
The assay is incompatible with EDTA or ACD anticoagulants. 

2. It might be necessary to transfer processed samples to polystyrene tubes for 
the flow-cytometric acquisition. Polypropylene tubes do not always fit tightly 
onto the sample injection system of the flow cytometer. Perform the transfer 
ngiit uciore acquisition. 

3. Dendritic cells have a slightly decreased density over other leukocytes, which 
can lead t<^ a lncc nf DPq bv insufficient nelleting during cell processing 

W VVAA A '•^ VVV» V'V^ V* A V^ U U ■V^ A J— ■" -X^' kj **S V A A A U V*A A A *^ A ^S A A \, WS '•^ A A '•^ %, A A A t^ ^* V* A AAA *^ ^*- »** A A yj *~ '*** *•*' ^^ ^ *J AAA t^ 

steps. Additionally, cell permeabilization procedures decrease the density of 
leukocytes. Therefore, if the yield of DCs appears too low, consider prolonging 
the centrifugation time or increasing the g-force of the centrifugation in Subhead- 
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ing 3.2. It is also important to follow the requirement to use polypropylene 
tubes. DCs can stick to polystyrene material and might be lost from the cell 

cncr\pncinn tVmt ic c\nc\}\ne*r\ 

4. The staining intensity of the lineage cocktail in activated samples decreases 
over the length of the sample incubation time. The longer the blood is activated, 
the less sufficient is the separation of lin 1 dim versus lin 1 lineage-positive 
leukocytes — in particular, monocytes (1). Monocytes have a very similar 
phenotype to CDllc+ DCs and are activated also by LPS, which affects the 
separation of lin- 1 -positive events from lin 1 dim DCs (1). Best results are 
obtained for shortest activation times, ideally 2 h and maximally 4 h. Compare 
the resolution of HLA-DR vs lin 1 plots for LPS-activated and resting blood in 
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Evaluation of the Frequency of Virus-Specific 
CD8+T Cells by Cytokine Flow Cytometry 

Bodo Hoffmeister, Felix Kiecker, Ingolf Surel, Elham Khatamzas, 

Volker Schuster, Hans-Dieter Volk, and Florian Kern 

1. Introduction 

Since its introduction over 25 years ago, flow cytometry has evolved to be 
one of the most important methods in cellular diagnostics and research. Within 
recent years, new technology has dramatically expanded the range of parameters 
that can be analyzed by this technology. These include, for example, the 
production or secretion of soluble mediators (1-4), cell proliferation (5-8), and 
the detection of molecules expressed at very low density (9 JO). One of the most 
prominent recent developments, however, is the analysis of antigen- specific 
T cells. The problems encountered when analyzing antigen-specific T cells are 
manyfold. One of the major problems is the fact that their frequencies tend to be 
rather low. Recent data show that, in certain situations (e,g,, acute immune 
responses against viruses or bacteria), the actual frequency of specific CD8 
cells can be much higher than previously estimated by limiting dilution assays; 
however, in most other responses, the frequencies of specific T cells are clearly 
below these values. Frequencies as low as lO^-lO -5 have been reported (11,12). 

Although previously the presence of antigen-specific T cells was noticeable 
through proliferation (e.g., 3 H-thymidin incorporation) or their effects on target 
cells (cytotoxicity testing), they may now be "visualized" directly as a result 
of detectable functional changes. One of these changes is the production of 
cyokines. Cytokines can be trapped intracellularly following administration of 
inhibitors of vesicular transport such as Brefeldin A or monensin. Subsequent 
fixation and permeabilization of the cell membrane with a detergent-containing 
permeabilization solution permits intracellular staining of cytokines with 
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monoclonal antibodies. This development of "cytokine flow cytometry" (i.e., 
the detection of intracellularly stored cytokines in T cells following polyclonal 
stimulation) was one 01 trie large milestones in now cytometry in the iast 
decade (1-4). Although no information about antigen- specific yet nonreactive 

11*1*11* iii i * i i ii /** * 

cens is ootaineu, this metnou nas the major auvantage that ceii lunction can 
be studied along with phenotypes and frequencies. Moreover, cells may be 

siuuicu wiuiiii a icaauiiciury iicauicu uuixijjumuuii ui suuscls (I.e., winjic uiuuu ui 

peripheral blood mononuclear cells [PBMC]). In 1997, the use of pathogen- 

utuvcu ^uiiipic^A piui^iii aiiLig^na iui duiiiuiaLiiig, ana visualising, aiiug^ii- 

specific peripheral blood CD4 T cells by multiparameter flow cytometry was 

iv^jjwin^u. ( ± *}/. xina waa tuv^ mat iv^jj^it ^vi^i ui aunt^i uuawvauun \jl aiiLigv^ii- 

o »-\ a /-»i +i /^ I ll/l I /^mlln i -n r\an r\ rt £iT"«-il l-\l /-»/~v/-l I r»i o nanr f- a /-» V» -n /-^» l r^\ rr i r nrvmnliatiilir 

OpV^^lll^ ^J^T A ^1^113 111 pV^llpllV^iai UIUUU. AlllO HV^VV LV^^llllUlUgJ ^UlllplV^l-V^l^ 

opened new avenues of research and clinical diagnosis. Because complex 

ontirranc rtrck r\ r» o rrrv^i Tfr^ic^ art ot-i/~i rxm/^mci oi2i/H o-n/^ 4" ri i i o nracanta/i olmrvot <2iv /^l n o-n tcl\ \ j 
Cllltlg^llO Cll^ pllCtgUV^J lUOV^U Clina piUH/OO^U Clina U1UO JJlV^O^lltV^U ClllllUOt t'AHULjlVHJ 

with class II major histocompatibility complex (MHC) molecules, it was, 

UWVYVI5 lllllll^U IrKJ ■^■M-r—T A V^V^XikJ. kJllUlllj Clil-V^X VVUIU5 l-XXVyi^&XX, »-XXV^ «^k>\^ VI VJ\^VJ\,L\J.\^J 

was reported in a very similar assay (74). Peptides may be loaded externally 

AtitA r»1aee T A/n-rr^ ^or»rl r»1aee IT A/fl-fr^^ mr\1pT»n1pkC anrl thue chmnlatA Qnhrvpn. 

V11I.V V^XttiJiJ X 1T111V \ttAA\_l- V/1UJJ AX UlllV^I 111V1WU1VJ U11U U1UJ JlllllUlULV UlllltUll 

specific CD8 (and CD4) T cells. Because many peptides can be combined 

in nnp cincrl^ ctimnl Qtinn ciccn\/ ^^^^n thf* rpcnnncp to nnmnlptp rirnt^inc c"*r\ 

XXX VUV OXiit^A*^ JU111W1UUVH HUUW.V, V^ T VXi U1V 1VJUV11JV VV VUU1U1VIV U1VIV111U VW11 

now be analyzed efficiently and quickly using large peptide pools (15). This 

rrmv turn nut tn hp vprv liQpfnl fnr tVip mnnitnrina nf immiinp rpcnnncpc Tp a 

lllil T VWtJ.J.J. V-' W* V VV^ *_^ ^ T ^A f U-LJVlU-1 J-V-»A VJ.AV 111V111W1111W V^-L 1111111VH1V A VkJ k/V/XAU V U \ '^^ • W • • 

fo11n\x/incr varpinntioTiQ nr in immimnQiinnrpQCPrl nntipntc i 

Another recent milestone with respect to detecting antigen-specific T cells was 
trip flHvpnt nf (tetrameric) class I MHC/DeDtide complexes for ^hp direct stninincr 
of T cells carrying the matching T-cell receptor (TCR) (16-19). These tetramers 
stain antiapn-snprinV T cells irrespective nf function Ideallv. antisen-snecific 
stimulation with peptides and tetramer staining are combined in one assay. 
Unfortunately, as a result of often pronounced TCR downregulation after TCR- 
dependent stimulation, MHC tetramers tend to not bind very well to recently 
activated T cells (unpublished results). Therefore, staining with tetramers follow- 
ing T-cell stimulation is not straightforward. Alternatively, tetramer is added prior 
to stimulation. In this wav. the tetramer staining remains sufficientlv bright for 
flow-cvtometric identification following activation with neotide. In our hands, this 

J i-J X 1^ " 

approach gives the best results. The combined use of tetramer staining and peptide 
stimulation was recentlv used to analvze human immunodeficiencv virus (HIV) 
and cytomegalovirus (CMV)-specific CD8 T cells in HIV+ patients (20). 

2. Materials 

1. Ficoll-Paque (Pharmacia, Uppsala, Sweden). 

2. RPMI 1640 medium (Biochrom KG, Berlin, Germany). 
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i t~!~4-„i ^„ij? „ f-rt: u^. — rt \ 

j. rcim ucin sciuin (oiuuiiiuin;. 

4. Cellstar™ polystyrene tissue culture tubes (Greiner, Frickenhausen, Germany). 

5 niilh^rn'c rthncnWp-hnffprpH cnlinP fPR^ (GibcO RT?T TTl^ 

6. Brefeldin A (Sigma). 

7. Bovine serum albumin (BSA) (Serva, Germany). 

8. Na-Azide (Serva, Heidelberg, Germany). 

9. Wash buffer/staining buffer: PBS containing 0.5% bovine serum albumin and 
0.1% sodium azide. 

10. Na-EDTA (Na-EDTA, Sigma). 

11. Paraformaldehyde (Merck, Germany). 

12. Permeabilizing solution (BD, Heidelberg, Germany). 

13. Lysing solution (BD). 



3. Methods 

3. 7. Stimulation of T Ceiis in PBMC or Whole Biood 
with nM V An tioen s 

Vv I If I ^mW mwm w m II Hi \A %^m m ^mW 

Using whole blood is preferred by many because it is believed to reflect 
the natural (in vivo) environment more closely than PBMC suspensions. This 
view, although attractive at first glance, ignores that immune reactions do not 
take place in the large blood vessels. In fact, they take place in lymphatic 
and other tissues with many proteins and other factors not present that we 
find in whole blood. With regard to T-cell stimulation, we experienced that 
it often takes five times higher concentrations (or even more) of reagents for 
stimulation when whole blood is used compared with PBMC suspensions to 
obtain a comparable response (in percentage of interferon-y-positive cells), 
regardless whether peptides or viral lysates are used for stimulation. 



3 1 1 PRMH- H^IIq anri Fv \/h/n Gtimulatinn with Pentiries 
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White blood cells may be obtained from buffy coats of anticoagulated 
blood. Blood donors should be selected on the basis of HCMV seropositivity 
(seronegativity for controls). We generally use citrated or heparinized blood 
(Li-heparin or Na-heparin). 

PBMC can be prepared by standard Ficoll-Paque density centrifugation and 
should be washed twice in sterile Dulbecco's PBS. A third, slow wash step 
should get rid of contaminating platelets that are supposed to be a source of 
inhibitory transforming growth factor-|3 (TGF-(3). 

1. Resuspend cells in culture media containing 10% fetal calf serum (FCS) (or 
autologous human serum), 2 mmol/L glutamine, and antibiotics, if desired (e.g., 
penicillin/streptomycin), and adjust to a cell concentration of 5 x 10 6 /mL. 
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Z. riciuc iuu fli^ ui jjcjjuuc suiuuun 111 iua iz,j-iiim v^cnsuu jjuiysiyicnc ussuc uunuic 
tubes. Alternatively, Falcon 2052 tubes (BD) may be used (see Notes 1-3).* 

^ AHH ZLPlO nT nf thp rpll cncnpncinn tn flip npntiHp cnlntinn c\nr\ miv apntW h\? hnnH 

4. Incubate tubes at 5° slant (from horizontal) in a standard incubator at 37°C in a 
humidified 5% C0 2 atmosphere. 

5. After 2 h add 500 jaL of RPMI 1640 containing the same additives as above plus 
10 \xg Brefeldin A (final concentration 10 fig/mL). 

6. Reincubate at 5° slant in identical position as before. 

7. After 6 h add 3 mL of ice-cold PBS and centifuge at 430g for 8 min at 4°C (for 
incubation time, see Note 4). 

8. Remove supernatant by careful decanting or aspiration. 

9. Aqq 2- J mi^ oi coia z iiim mji/\/r£>d ana mcuoaie ior iu mm in a waier-oain 

ai j/ ^. 

10. Spin down (430 g for 8 min at 4°C) and remove supernatant by careful decanting. 

1 1. Add 1 mL of cold PBS and vortex vi^orouslv for a^^rox 20 s to detach adhering 
cells from tube walls. 

12. Pool tubes as desired, add 2-3 mL of wash buffer to each tube. 

13. Spin down (430# for 8 min at 4°C). 

14. Remove supernatant by carefully decanting and blotting the tubes dry on a paper 
towel (turn upside down and hold in this position until supernatant has been 
removed; see Note 5). 

1 5 . Add staining antibodies for surface staining (if desired) and an appropriate volume 
of wash buffer (we use 100 \xL total staining volume; see Note 6) and incu- 
bate according to your standard surface- staining procedure. We stain for 

'-111 min r\n tnaltinrt i/-»__i -tr\ + r»__i / _ lri* , l^- nmnrr r^l~txT/-*r\CM m vTl-rti'i n /-»/-\nm rro+£a/-| on+i PTl/l 
^>\J 111111 Ull lllV^l Ullg, IV^-V^ 111 U1V V_itU.1V, UOlllg JJllV V^VJVlV U.11111 - V_<W11J lAgClX\^V_l CU1U1 - V^1-V-T 

(CD4-PE), Peridinin chlorophyl protein-conjugated anti-CD4 (CD3-PerCP), 
and allophvcocvanin-coniugated anti-CD8 (CD8-APC). Some antigens renuire 
staining prior to (paraformaldehyde) fixation. 

16. Add 2-3 mL of 4% paraformaldehyde (PFA) (in PBS) and incubate for 5 min at 
37 °C in a water bath for fixation (see Note 7). 

17. Spin down (430g for 8 min at 4°C) and decant (see steps 13 and 14). 

18. Add 1 mL of permeabilizing solution and incubate for 10 min in the dark at 
room temperature (see Note 7). 

19. Add 3 mL of PBS containing 0.1% Na-azide and 0.5% BSA. 

20. Spin down and decant (430g for 8 min at 4°C). 

Zl. nutccu iu niiiavciiuicu siaiiinig, ^sanic as sicp 3, ^e i^iuic a) \&.g., nuuicsv^cin 

icr»ttiir»r>T7Cir»cit^_r»rir»in rvat£»r1 nntl-TlMP-V TTlnlVI-M IhTTT^I^ 

1 JUUllWJ U11UIV V^VilJ LiCjCttX-'VA U11U J-i 1 A Y |_J-A ^ > f A J- -»- >w J ) • 

22. Add 2-3 mL of wash buffer. 

23. Snin down T430^ for 8 min at 4°C) and decant (see stens 13 and 14: see Note 5). 



*You may also use 96- well plates (I use 10° cells per well in 100 uL). Peptide loading is 
generally more efficient in a small volume. We have also successfully used culture bottles 
(25 mL) when stimulating a complete buffv coat. Efficiency, however, was not compared. If vou 
use a culture bottle, use a scraper to recover your cells from the bottle wall. 
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z,h-. jvciia auuuuuics ciuucu luiiuwing pciiiicciuiiizauuii (Still umiAcuj wiui i/c 
PFA/PBS if required (if samples are not analyzed immediately). 

3. 1.2. Whole-Blood Procedure 



* 



1 Plnrp 1 ml nf whnlp hlnnH in 1 S-tyiT rrYiinH-hnttnnn niltnrp ticQiip tnhp 

A « i. J-%4V *t^" J- AAA A ■< V^ A. T T i A V^ A ^^ »^ A V V ^* AAA A_ ^T AAAA-^f A. X^ V*AA^» »^ V^ V %- V A A A »,• V*-A VV*A ^f %,-M^kJ kj V* ^rS VV* **S ^r* * 

2. Add highly concentrated peptide solution (e.g., 1 mg/mL of peptide in dimethyl 
sulfoxide [DMSO], add 5 mL; see Notes 2 and 3). 

3. Incubate tubes at 5° slant (from horizontal) in a standard incubator at 37°C in a 
humidified 5% C0 2 atmosphere. 

4. After 2 h, add 10 \xg of Brefeldin A (e.g., 10 \xL from a 1-mg/mL stock solution). 

5. After a total of 6 h, add 100 \xL of ice-cold 20 mmol EDTA solution (Na-EDTA 
in PBS) and incubate for 10 min at room temperature, vortex vigorously from 
time to time. 

6. Add 10 mL of wash buffer. 

/. vjjjiii uuwii \T^}\jg iui o 111111 ax i- \~-y aina u^vani. taitiuii}'. 

8. Resuspend pellet by vortexing. 

9. Add staining antibodies in PBS containing 0.1% Na— azide and 0.5% BSA 
for surface staining if desired (total staining volume = 100 \xh) and incubate 
according to your standard surface staining procedure (we stain 30 min on 
melting ice in the dark; see Notes 6 and 7). You may also stain just an aliquot 
of 100 \xh or so in a smaller tube (we use Falcon 2052 tubes) and then proceed 
with the respective smaller volumes. 

10. Add a 20-fold volume of BD lysing solution to your tube and incubate for 10 min 
at room temperature. 

11. Spin down and remove supernatant by careful decanting or aspiration. 

12. Add 1 mL of permeabilizing solution and incubate for 10 min in the dark at 

rrtrMn tamnarohifa 
1UW111 IW111JJWJ.U.I.ILLW. 

13. Complete like PBMC procedure. 

3.2. Reagent Preparation and Storage (Selected Reagents) 

Brefeldin A should be dissolved in DMSO and stored in small aliauots at 

i 

high concentration at -80°C. The working solution should be used up rapidly. 
Peptides should be dissolved in DMSO under nitrogen atmosphere if possible 

A \S A A 

(as DMSO is a powerful oxidant) and stored in small aliquots at -80°C. 

3.3. Flow Cytometry 

3.3.1. Data Acquisition 

TVip iicp nf $\ fnnr-polnr inctrnmpnt nprmitQ tbp iicp nf twn T-ppII naramptprc 

J- AA^- LiLJV ^_/ A. d A. V^ Vl-X ^ V A V^ A lllj VA UlllVllL |_/ W A A AAA VU VAA^ U-UV V-' A. V T T ^-* A. 'W 'W A A |_/ CiX UlllV VWA U 

(e.g., CD3 a^J CD4 or CD3 a/zd CD8) along with two activation markers 
(TFl\J-v nlns PD6Q nr TFl^-v nlns interleukin rn.1-9.^ Fewer colors obviouslv 

*Fifty- milliliter conical tubes can also be used if desired; other tubes/dishes were not tested 
in our lab. 
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reduce data resolution. We generally use IFN-y to identify antigen-specific 
T cells; however, these protocols can, of course, be used with other cytokines. 

3.3.2. Data Analysis 

Tn thic t\/r\p af pvnprimpnt thp mcnn r\hipr , ti\7P ic thp r)ictinr>1"ian qtiH miQntifi- 

±11 tJ.J-J.LJ tj I-"-' \S±. WYV|JV11111W111,J U1V 111U111 \J !_/ I V^V tl ¥ V^ 1U U1V VJ-J.LJ UUV UV11 U11U U UUllllll 

cation of positive and negative events in a percentage of a reference population 

or in QV»cr\1iitf i nnmKprc p ccpnticil 1\/ it ic ci nnpctirvn of prvrrppfW iHpntifVino- cinrl 

V^l 111 Wk/UVlWVV llWllll/VlJi UOJVllUUlljj It lO H VJ WVU HV^ll V^l W^llVVVlV IVJ.V^IH.11 J lllg W11U 

sizing populations rather than measuring varying degrees of expression of a 

nartinilnr narnmptpr Arr-nrntp nuantifir'ntinn nf intr^pplliinr cytokines ncina 

quantification beads is not straightforward at this time, as it depends too much 

nn thp exact rp.nrnH nr.ihilitv nf rnp.mWranp. nprmpahiliyfitinn 
~^ .. ^^^^ ^^ ~j ^^ i±i^i±±l/ich — j_/wi±i± ^^~ ±±. 

1 . Following data acquisition, a region is set around the lymphocytes in an sideward 
scatter (SSC) vs forward scatter (FSC) scatter plot according to standard 
procedure (see Fig. 1A). 

2. Next, the gated lymphocytes are analyzed in a CD3 vs CD4 (or CD8) dot plot, 

ciiiu ci i-vgiwii io \a±a,vv±± cllvju-iiu ^j-v^t iy liL^jiiKj^y iwo ^Jtc ngt iuy, 

3. CD4 or CD8+ T cells may be gated in a CD4 (or CD8) vs IFN-y dot plot. 
Importantlv, activated T cells downregulate the T-cell recentor including CD4 
or CD8 to variable degrees. This must be considered when gating the CD4 or 
CD8- population. The gate drawn in Fig. IC (solid line) takes this into account; 
however, it does not include potentially activated (and downregulated) CD4- 
T-cells that do not produce IFN-y. In this way, if the frequency of IFN-y producers 
is estimated, the reference population (CD4- T cells) is made a little smaller 
than it really is, however, the overall mistake is generally very small. In contrast 
to this, drawing a gate as indicated by the dotted line in Fig. IC would massively 
increase the CD4 reference population by including many non-CD4 events. 
Working out the frequency this way would lead to a very great mistake. 

A f^r^i/L ( c\v r^T^iQ^ T r>£»11e nctrt tli^n V\£» \7ic*\\re>r\ in a f^T^^O ^rprciic TlT\T_w ( r\r ier»ttrr\£i_ 

~r. -v^j-^-r V.^ 71 - ^'J-^u/ i v^\^iikj vuii uivii L^v/ vivvvvu in n v^i^uy v\^iljuij 11 ii j V.^ 71 - iJ^ijltv/ 

control staining) dot plot (Fig. ID). The limits between IFN-y (isotype)-positive 
and -negative events can be set using the CD69-negative population, which 
should be entirely IFN-y negative. In most cases, clearly distinct populations 
can be discriminated (i.e., CD69 positive/IFN-y negative, CD69 positive/IFN-y 
positive, CD69 negative/IFN-y negative). A CD69-negative/IFN-y positive 
population usually results from unspecific staining rather than IFN-y production 
in CD69-negative T-cells. The CD69-positive/IFN-y-positive or isotype-control- 
positive events are counted and expressed in percentage of the total respective 
CD4+ (or CD8+) T-cell population. 
5. The percentages of positive events should be determined as follows; 

a. In the stimulated sample, the percent isotype-control-positive events are 

ciihtrnrtprl frnm thp nprppnt rFNT-v-nnci tiA/p pvpntc 

b. Tn the unstimulated sample the percent isotype-control-positive events are 
subtracted from percent IFN-Y-Positive events. 
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Fig. 1. Flow-cytometric analysis of intracellular cytokine staining. Freshly prepared 
PBMC from a CMV seropositive (IgG) healthy adult were stimulated ex vivo with 
a CMV-derived 15-amino-acid peptide. The diagrams show the gating procedure 
including a forward/side scatter gate (A), a CD3 vs CD4 gate (B), and a CD4 vs IFN-y 
gate (C); 235% of CD3 T lymphocytes and 4.93% of the CD4 T lymphocytes (D) 
were identified to be INF-y positive. 



c. The IFN-y true positive events in the control sample are subtracted from the 
respective true positive events in the stimulated sample. 

d. The difference is the true frequency of T cells that respond to antigen specific 
stimulation with IFN-y production. 
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4. Notes 

1. The use of Falcon 2052 tubes allows to carry out the whole protocol using a 
single tube including data acquisition. Meanwhile, the transfer of the samples 
from one tube or dish to another is always associated with loss of cells. 

Z. ±1 pusoiuit pi^jjai^ aiiian ancjuuia uj. itag^iiua, buui aa unt antjuuijjti auiiiuiauuii. 

This will facilitate your work and reduces the risk of contamination. 

3. It is advisable to place the antigens used for stimulation in the tubes or wells prior 
to adding cells. This is especially useful when a large number of samples has to 
be stimulated, because it allows you to begin stimulation simultaneously. 

4. The protocols described herein are examples that will have to be modified 
according to the requirements of the researchers using this method. Prolonging 
incubation time may lead to higher background "noise" levels, whereas shorten- 
ing it will reduce responses. In our experience, maximum responses with peptides 
and lysates are obtained with incubation times clearly less than 20 h. Some very 
useful additional information is provided by Waidrop et ai. (21). 

5. Blotting the tubes dry on a paper towel makes decanting more efficient. The 

r>Ainmnotirin at <">all cm— ror>a otoinmrr nn/i intror>a11iilor ptommrt i o nr\i-\rr\r\n ota 
\sKJl±LV±L±(A.l.±<JLl Wi \^V^±± OU11UVV O l-WAllAlig, UL1VJL 111U M.V'V±± U--IW.X O l-W-LllAlig, LO WfJ^JL KJ }J± XU.IV' , 

unless antigens are destroyed by the fixative used (e.g., paraformaldehyde); 
however, the staining background is often increased. This is eenerallv no nroblem 
if only the gating of populations is required. This shortens the protocol and 
saves time. 

6. It is useful to prepare an "antibody cocktail" immediately prior to staining. 
Mix the antidodies you wish to use in the appropriate amounts and the required 
volume of the mix to each of your samples. 

7. It is important to refer to the permeabilization and fixation procedures described 
by each antibody manufacturer. Most companies test their antibodies using their 
own perrneauiiiztiiiun and iixauun pruceuures, mese may uiner uunsiuerauiy 



between companies. 

Additional donor material is required for such controls. If there is no doubt 
that the antibodv used for staining (e.g., IFN-v reallv does stain IFN-v Tand not 
something else]), it is reasonable to use unstimulated samples stained for IFN-y 
as the only control. The background when using PBMC is typically very small 
(Fig. 2). When stimulating with whole antigen (viral lysate) the responding cells 
are predominantly CD4+. When stimulating with peptides, the responding cells 
may be CD4+ or CD8+. This should be considered when choosing monoclonal 
antibodies for staining the samples. 
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Fig, 2. Unsiimulated samples serve as control for peptide stimulation, In (A), freshly prepared PBMC from a 
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displays the unstimulated control. 
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Suni (BD Biosciences, San Jose, California). Louis Picker and Skip Maino 
in particular have perfected the technology of cytokine flow cytometry (CFC) 
anu csiauiisncu uic 
in peripheral blood. 



anu csiauiisncu uic nrst ^r^-uascu uciccuon assay ioi tuiugcii-spccmc i ecus 
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Detection of Common Cytokine 

and Colony Stimulating Factor Gene Polymorphisms 

Thomas Lehrnbecher and Stephen J. Chanock 



1. Introduction and General Considerations 

With the completion of the first map of the entire human genome, it is 
estimated that there are approx 35,000 genes, which encode for translated RNA 
and protein products (1,2). The difference between any two human genomes is 
estimated to be less than 0.1% (3-5). However, in light of the magnitude of 
the genome (approx 3.2 billion bases), the number of variations is still very 
large (6). The most common variation is the single-nucleotide polymorphism 
(SNP), which, by definition, has a frequency of greater than 1%. Therefore, 
it is possible that the number of SNPs in a given individual could number in 
the millions (6). Variable nucleotide repeats (useful for microsatellite studies), 
deletions, and substitutions are rarer in frequency, but still useful tools for 
genetic analysis (e.g., linkage studies and whole-genome scans). SNPs occur 
at an interval of approximately once every L3 kb of DNA (3,7—9). In the 
investigation of polymorphisms, particular emphasis is directed not only at 
the coding region, but also at 5 f and 3' regulatory regions of the candidate 
genes, such as the promoter which plays an important part in controlling gene 
transcription. The 3 'untranslated region (3'UTR) can determine RNA half-life 
or ribosomal translation of RNA species. Nonsynonymous SNPs (viz. those 
that change the coding amino acid) constitute less than 5% of SNPs in coding 
regions. Variations in introns or exons are probably less frequent than variations 
in intergenic regions (8,9). 

By definition, polymorphisms do not significantly alter expression or func- 
tion of a gene, unlike highly penetrant mutations [i.e., the sickle cell mutation 
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in the p-globin gene (10)]. The phenotype of a common polymorphism barely 
affects the gene, or, in many cases, not at all. However, under stress conditions, 
such as a primary immunodeficiency, it has been shown that polymorphisms can 
act as modifying genes for specific outcomes in monogenic disorders (11,12). 
in a similar manner, common polymorphisms contribute to tue susceptioiiity 
to develop a wide range of complex disorders (13). 

LrenetlC diversity jjiuviuc;> a nun icsuuiuc iui StUQying cvuiuuuiicuj anu 

biological questions. Genetic polymorphisms, such as SNPs, can be useful 

lOuia iui tanuiuait; g^ 11 ^ aSSOClallOn aiuuics, wniuii au^js. tu u^l^iiiiiiic; liic; 

contribution of one or more variant SNPs to either disease susceptibility or 

vjul^vjihu. 111L3L 3LUU1W may piwviu.^ a ivjunu-ativjii iwi iua^iilii ying, anu. applying 
gv^nv^ti^ iii3jv la^c^ia 111 ^nni^ai iiii^u-i^inv^. ix^vvv^vv^i, a nuinuv^i ui ^naiiv^iigv^a 

must be met before implementation in clinical medicine can be confidently 

or<niairaH i'naca in^ln/ia orl/iraocmrr ^ /~vr-*-» i-\l av atni/ril MiiaptiAtic T*i2i-(-i-n<2krT-»izi-nt" >~vt 
Cl^xlxV^ V V^U. lll^O^ lll^lUU^ ClU^x^OOxxlg, ^Wxxlj_/xVWV V^tlxx^ClX t[U^OUUHO ? ICllllCxllCllL V»x 

biostatistical methods, and development of cost-effective, high-throughput 

t-\ I a trriT-m c 

UlUUUllllO. 

The explosion of knowledge, specifically in the form of possible SNPs, has 

V^X V^d-t-V^VX IX LIUU11H11C, VllUllVlliVj U1V VU1UUU11 WX L/V/l \ 111V/1 IJlllOlllL) XXX IX L/UU1 V* U > KJ± 

field (i.e., cell or immunology cycle). Public efforts have been promulgated to 
(14,15) as well as sequences generated as part of the public genome project, 

Vnnwn $\q thp SIMP f^nnQnrtium f httrW/cnn r-chl nrcrA TVip annl nf thp rTFTiptir 1 

J-i-LA'V-' T T A A WtU HIV K-^ J. T J- "%w^ V-' A AU V-' A VA W4-AAA lAAVV|-/ft#i Ullk/tV Jill • V-» A WJ / • A. 11V W ^_/ CtX ^^ A. UlV -X_^ ^AA^ V A ^ 

Annotntinn Tnitii^tivp nf thp P'^nr'pr fiPTintTip Anatnmv Proiprt nf thp TsJ^tinn^l 

A lllllV/lUllVll 1111 VAWIVA > ^ Vv'A. LllV V^-iillVVl ^_^ ^AAV^ AAA^ A lllUlV/111 ? A. A V j ^ ^ V V^ A. LllV A 1 WL1V/11W1 

Cancer Institute (GAI, http://lpg.nci.nih.gov/GAI) is to systematically identify 

and retainer rnmmnn nnlvrnnrnhisms in severa] thousand o-p.np.s nf interest 

to cancer biology and immunology by resequence technology (16). The GAI 
has also developed Web-based tools to search nublic databases for SNPs. Of 
possible interest to the immunology community is a website, known as I-SNP 
rhttn://www-Hcs.nci.nih.Pov/neHonc/TSNP/'l. which has collected PubMed 
references and polymorphisms reported in genes of significance in immune 
function. Table 1 disnlavs a set of nublic sites, useful for identifvin^ nolvmor- 
phisms in known genes. 

Genetic diversitv in immune genes is considered a significant determinant of 
host response to environmental and nathogen challenges. Manv of the already 
identified polymorphisms in cytokines and other genes of innate immunity 
most likelv reflect resoonses to significant challenges (17). There is a growing 
body of evidence to suggest that variations in key cytokines can influence host 
response, which, in turn, affect disease outcome and susceptibility to a range 

1 J J J A mf **S 

of disorders. 



Table 1 

Websites for Selecting SNPs in Candidate Genes 



Name of website 



Type of resource 






PubMed 

( w w w. nc hi . n I m . n i h .gov/e ntrez/que r y. fcg i ) 
dBSNP 

(www.ntbL.nlTn.nih.gov/SNP/) 
The SMMoiiMJiiiurri 

(snp.eshl.org/) 
Locus] .ink 

(www.ncbLnlm.nih.gnv/LocusLink) 
Cancer Genome Anatomy Project-GAI 

( I pg .nc i.nih .gnv/G A I/) 
SNP pipeline 

( I pg w s< nc ; i >n i h >go v : 82/per l/s np/s np_e g i .p) 
l.tvhih SNP Database 

( w w w.bioi n form at ic s .uc la .edu/snp/) 
HG Base 

(Hgbase.cgr.ki.se/) 
Imunology-SNP Database 

( www -dcs. nc i . ni h. gov/pedone/lSNP/) 
University of Utah Genome Center Gene SNPs 

( h itp://w w w, genome, uta ir.edu/genesnps_ol d/) 



Published literature (search by gene) 

Resource for searching pubiished data 
NCB1 database of deposited SNPs 

Central repository of SNPs 
Public database of predicted SNPs 

Deposited in db-SNP 
NCB1 database linked in RefSeq 

Known variants linked to reference sequence 
NCI-based SNP Discovery Project 

Includes gene lists, tools for SNP analysis 
CGAP-GAI search of EST/Unigene 

Tool for analyzing EST sequences for SNPs 
UCLA search of RST/Unigene 

Tool for analyzing EST sequences for SXPs 
International database 

Repository fur SNP 
Cu rated collection of immunologically significant SNPs 

SNP database of known genes with SNPs 
Cu rated en I lection of SNPs derived from public databases 
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The genetic association study is designed to evaluate the contribution 
of one or more polymorphisms to well-defined clinical end points, such as 
disease susceptibility or outcome (18). In practice, these studies compare the 
distribution of genotypes in two groups, with one serving as a "control." The 
candidate gene approach selects variants on the basis of biological effects, 
either demonstrated or predicted, and the findings usually correspond with 
a plausible hypothesis or mechanism. Pilot studies are often prone to false 
positives, but this is acceptable because genetic association studies must be 
confirmed in several populations. Furthermore, findings are often population- 
specific, reflecting differences between geographically defined groups. Size is 
also an important determinant of statistical significance and confidence limits 
(19). Because many chromosomal regions contain dense clusters of genes 
in close proximity to one another, an observed association might not be the 
result of the studied candidate gene, but, instead, to a separate loci in linkage 
disequilibrium. This has been the central focus of whole-genome scans, which 
seek to identify a region of a chromosome by linkage analysis, an approach 
that has been highly successful in the investigation of highly penetrant, rare 
disorders, but, for association studies, it is problematic. The field is quickly 
moving toward the utilization of haplotypes and possibly "intelligent" scans, 
which utilize collections of SNPs restricted to known genes in a pathway 
or that reside on a particular chromosome. To this end, large collections 
of polymorphisms will provide a foundation for investigating the role of 
human diversity in mapping complex diseases, the role of modifying genes in 
monogenetic disorders (such as cystic fibrosis), and evolutionary questions. 

1.2. Statistical Considerations 

In order to keep pace with the increasing complexity in the analysis of 

qQCAfiQtinn cturh^c 1 rrf r\rm a ti r» tr\r\1c anrl ctati ctir»a1 eiir\r\rvrt qta ^\m\\7-fn cr tr\ 

UOiJUVlUllUll kj L U. \-H \S kj , 1111U1111UUV/ IV/V/1J CtAAV-A JIUUJUVU1 JUL7L/V1L U1V V^ V V^X ¥ 111 t, wvy 

handle immense data sets. Many have argued that classical correction factors 

in QcconiciHrm ctuHi^c nrf* nnt nrQr'tir'Q 1 pcnpfi ci11\f in nilnt ctnrli^c ^x/h^n ci 

AAA WJJW1WHVH LJIUUIVO W.A V 11UV l_/ A »-*V H V W.A , V^ U »_/ \S V/ A Ull V AAA l_/AA\_H. I.HUVHVU rr 11V11 t* 

prior hypothesis has not been well established (20). The statistical analysis and 

rr\\f*r\c\ r\€ ct^tictir*^! cioni fir'^nnp tSprrvmP 1 inprpQcincrlv Hiffipnlt whpn rrkmhin^- 

WAAVWAA^ WA ^V^VA^VAW^A S> A g A A A A A W «A A>. w ^WWWAAAW A A A>. A W ^ ^ A A A fe A J «AAAAW«AV TTAAWAA ^WAAA^AAAWV 

tirmc nf opnntvnpc iirp PYfiminprl Tn tnp rnmmnn disease— common variant 

Vivxiu v-'-a. w WJ.J.V/ L- t !_/ W lj vix v vii.MXJ.iJ.iJ.vvn _m. vu'w ^ v^ J— 1111 j. v^ aa %-*a u 'w Ciu v v ■v-' -L- lllllv a a t U11U11L 

model, multiple genetic loci probably contribute to pathogenesis (21,22). Thus, 
fhp nnssihilitv nf searching with collections of scenes will reauire modifications 
of classic correction factors (20). 

1.3. Technical Considerations 

The classic gel-based technologies for polymorphism detection (e.g., allele- 
specific amplification, restriction fragment length polymorphism [RFLP], 
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amiiciai mirouucuuii 01 restriction sites, aiieie-specmc oiigonucieotiue nyDriuiza- 
tion [ASO], and single-strand conformational polymorphism [SSCP]) are 

Ji„„j-„j i^r:„„j-i ~.c tatvt a ^„ „ i „i_„i„ 4-1 /nnr>\ 

prcuiuatcu un ampimuauuii ui i^in/\ in a puiymcrasc uiiain reaction (r^iv). 
Many laboratories have applied automated sequence technology for detection of 
variation in sequences lacmtateu oy tue use oi roootics ior increasing throughput. 
Newer technologies such as real-time PCR (Taqman®), chip-based technologies, 

cuiu iiiciss spcuuuiucu^ nave aiicau) ucgun tu icvuiuuuniic; uic nciu cuiu, 

hopefully, will permit the simultaneous analysis of multiple genes within large 

paiicm pupuiaiiuiia (//. ±nc;a^ iiigii-LiiiuugiipuL piatiuinia ait; ^hi^ic;iil, uul, 

currently, very expensive and labor intensive; however, they have the advantage of 

7.4. Key Genes in Cytokine and Hematopoietic 
Growth Factor Pathways 

Cytokines and growth factors are regulatory proteins of the immune 
response. Disruptions in their expression pattern and/or function have been 
implicated in a wide spectrum of diseases, including autoimmune disorders, 
cancer, infectious diseases, and neurodegenerative processes. Table 2 highlights 
selected polymorphisms in cytokines and growth factors. Many of them have 

1 * 1*11**1 1* T T" 1 * 1 * 1* 1*1 

oeen associateu with clinical enapoints. uiiiiKe expression array stuuies, which 
can evaluate mRNA profiles for any given cell type, analysis of genotypes or 

iii * * /""* i * /*"* * /** i ** i*ii* i 

aneies requires specinc ampiincation oi tue region immediately aujacent to tue 

1 * 1 1 /** * ml /"* 1 * * 1 * * /^ 

nucieotiue cuanges o± interest, mereiore, tue investigator must uesign specinc 
assays that amplify the region of interest. It is beyond the scope of this chapter 

lu pi^ac;iiL tii^ in^Liiuu iui C/iiuuaing uiiguiiuci^uLiu^a iui ampiincailOn. j.naic;au, 



we will present two representative assays — one that interrogates two common 

vaiiania, a piuniutti oi>i in ii^u, anu ui^ uuiti ia a vanauit nuiiiu^i ui taiiu^ui 

repeats (VNTR) in the interleukinl receptor antagonist (IL1RN) gene. 



2, Materials 



£m I * lolyfcflllyll C^l L7CTI lUII II U UlHn 



1. PUREGENE® DNA Isolation Kit (Gentra Systems, Inc, Minneapolis, MN) 



X T/*11 l-TTf^l/AT -1 T* T^IT'H. m A r TTi^/^TX 



z. it, ouirer (iu m/w ins-nui Lpn s.uj, i m/w i^uia Lpn b.uj). 

3. Isopropanol (2-propanol). 

4. 70%Ethanol. 

5 Slnpr'trnnlintnmptpr 

2.2. PC/? Amplification 

1. Enzyme and dNTPs originate from Amersham Pharmacia Biotech (includes Tag 
DNA polymerase, reaction buffer, and nucleotides [dNTP, 10 mM each dATP, 
dCTP, dGTP, dTTP]). 



Table 2 

Selected Polymorphisms of Cytokines and Growth Factors 



Cytokine/ 
growth factor 
(chromosome) 



Polymorphism 



Primers (5' -* 3'; F = forward: R = reverse) 



Annealing 
temp. ( Q C) 



Detection 
m li l ho J 



Ref. 



TNT 



Promt jilt (G-376A) 
Promoter (G-308A) 



Promoter (G-.238A) 



LTA in trail ] (A252G) 

{lymphoroxin) 

(6p2L3) 

ILIA Promoter (G-389T) 



F: CAA AC A C AG GCC TCA GG A CT 

R; CCT ATT GCC TCC ATT TCT TTT G 

F: CAA AAG AAA TGG AGO CAA TAG GTI 

TTG AGO GCC AT 
R; AGG GCG GGG AAA GAA TCA TTC A AC 

CAGCGGAAAAC 
F: TCTCGG TTT CTT CTC CAT CG 

R: ATA GGT TTT GAG GGG CAT GG/A 
F: TCC TGC ATC CTG TCT GG A AG 

R: GTC TTC TGG GCC ACT GAC TG 

F: ACT CAA CAC AGC TTT TCC CTC CA 

R: TCC TCC CTG CTC CGA TTC CG 

F: AAG GAA AC A GAC CAC AGA CCT G 

Rt GGA TAC CCC TCA CAC TCC CC 

F: GTT C AG CCT CCA GGG TCC TAC AC A 

R: GGG AIT TGG AAA GTT GGG GAC AC A 
F: CCG TGC TTC GTG CTT TGG ACT A 
R: AGA GCT GGT GGG GAC ATG TCT G 

F: GGG GGC TTC ACT ATG TTG CCC AC A 
CTG GAC TA A 

R! GAA GGC ATG GAT TTT TAC ATA TGA CCT 
TCC ATG 



hi 



63 



62 



Sequencing 

Ncol digest, 
3% agarose 



59 


Heleraduplex 




analysis 


66 


ASO 


63 


Sequencing 


5R 


Heleroduplex 




..:u:ly v.x 


64 


NctA digest, 




2% agarose 


5R 


/Vo?l digest, 




2% agarose 



23 
24 



Sequence -specific 25 

PCR, 1% agarose 



26 



27 
23 
2$ 

24 

24 





Intron 5 |Dinuclco- 


F: 




tide repeat (AC)] ig] 


R 


1L1B 


Promote! (C-51 IT) 


I-- 


(2qH) 




K 




Exon 5 (13953C) 


h: 




Tyr ** Lysln 


R 

I. 
R 


1L2 


3' Flanking region 


F: 


<4q26) 


(di nucleoli tie repeat) 


R 


IL3 


Promoter (T-68Q 


P: 


{5q3LI) 




R 


IL1RN 


Intron 2 (VhTTR) 


F: 


(2ql4.2) 




K 


11.4 


Promoter (C-498T) 


F: 


(5q3Ll) 




K 




Promoter (C-285T) 


F: 
R 




Promoter (AS 1G) 


R 


IU 


Promoter (T-746C) 


F: 


<Sq3l.l) 




R 


1L6 


Promoter (G-597A) 


F: 


(7p2l) 




R 


ILq 


PromiHcr (G-572C) 


Fl 


(7p2l) 




R 




Promoter (G~ 1 74C) 


F: 

R 
I'. 
R 



CCT GCC TAG TG A GTG TGG A AG 

GTG TTG ATG TAG ATT GTG TGT GC 

TGG CAT TG A TCT GOT TCA TC 

GTT TAG GA A TCT TCC CAC TT 

CTC AGO TGT CCT CGA AG A A AT C AA A 

GCT TTT TTG CTG TG A GTC CCG 

GAG GCC TGC CCT TCT GAT T 

CGG AGC GTG CAG TTC AGT 

AAA GAG ACC TGC TAA CAC A 

CCT ATG TTG GAG ATG TTT AT 

CAT GGA TG A ATA A"IT ACG TCI' GIG G 

GGA GCA GGA CGG GC A GGC GGC TCA T 

CTC AGC AAC ACT CCT AT 

TCC TGG TCT GCA GGT AA 

GCC TCT ATG CAG AG A AGG AGC CCC 

CCT GIG AAA TCA GAC CAA JAG G 

ACA AAT TCG GAC ACC TGC 

GTG AGG CAA TTA GTT TAT CAG 

ACA AAT TCG GAC ACC TGC 

GTG AGG CAA TTA GTT TAT CAG 

GCT CAT GA A CAG AAT ACG TA 

GA A GGT ATT GGC TCA TAG 1 AC 

A AG TAA CTG CAC GAA ATTTGA GGA/G 

TGC AAT GTG ACG TCC TTT AGC ATC/G 

GGC CAG GCA GTT CTA CAA CAG CCG/C 

TGC AAT GTG ACG TCC TTT AGC ATQG 

ITG It A AGA CAF GCC AAG JtrC 

CAG AAT GAG CCT CAG AGA CAT CTC C 

GCT TCT TAG CGC TAG CCT CAA TG 

TGG GGC TGA TTG GAA ACC TTA TTA 



57 


Sequencing 


28 


55 


Am] digest* 
9% PAGE 


29 


58 


Taqi digest, 
3% agarose 


24 


60 


Heteroduplex analysis 


26 


55 


Size fractionation, 6^ 
pol yaciy la mi de gel 


30 


58 


Size fractionation, 
poly aery lamidc gel 


31 


58 


Size fractionation. 

2% agarose 


24 


58 


Size fractionation, 
poly aery lamidc gel 


31 


58 


Mael digest. 
3% agarose 


32 


58 


Tsp45\ digest, 
3*3f- agarose 


32 


52 


Rsal digest* 
3% agarose 


3,1 


65 


Sequence- speci lie 
PCR, 1# agarose 


34 


65 


Sequence -speci lie 
PCRJ^ agarose 


34 


67 


Mdlll digest. 

VA agarose gel 


23 


60 


Heteroduplex analysis 


26 




(camifiueti) 



Table 2 (Continued) 



Cytokine/ 

growth factor 

( c hrotnos o me ) Pol y morph i sm 



Pi imers (5' -* 3'; F = forward; R = reverse) 



Annealing 
temp. (°C) 



Delect ion 
method 



Kef. 



[I.S 
(4ql3-q21) 



IL9 

<5q3I.l) 
IL10 

(Iq3l-q32) 



3' Flanking region 

(VNTR) 
Promoter (A- 352T I 

Jntron 1<G293T) 

Intron I {T678C) 

Promoter {A-35 1 C) 

Promoter (T- 3 575 A) 

Promoter (G- 2849 A) 

Promoter < A- 2776G) 

Promoter (C- 2763 A) 

Promoter (G-l0ft2 A) 



F: GC A ACT TTG AGT GTG TC A CG 

R: TGA CGT GAT GGA TGC AAC AC 

F: GTG G A A CTG ATT TCT ATG TGA A 

R: CCA CAA TTT GGT GAA TTA TCA ATM 

F: CAT TCT CAC I Gl GTG J A A ACA T 

Ri ACG TTA AAT ATA TGC ATG CTA CC/A 

F: AGT TGA GCA AAA GGT AAC TCA GA 

R: GTC ATA ACT GAC AAC ATT GAA CA/G 

F; GCA ACC TCA GTC TTA CTA TGC 

R: G T[ GAG TAC TGA AAT GCr GAA GO 

Fi CTG TAG AAT GCA CCC TCC AAA ATC T 

R: TTT GAG ACA GAG TCT CGC TCT G 

F: CTG TAG AAT GCA CCC TCC AAA ATC T 

R: TTT GAG ACA GAG TCT CGC TCT G 

F; CTG TAG AAT GCA CCC TCC AAA ATC T 

R: TIT GAG ACA GAG TO CGC TO G 

Fi CTG TAG AAT GCA CCC TCC AAA ATC T 

R: TTT GAG ACA GAG TCT CGC TCT G 

F: ATC CAA GAC AAC ACT ACT A A 

R; TAA ATA TCC TCA AAG TTC C 

Fi AAT CCA AG A CAA CAC TAC TAA GGC 

R; CTG GAT AGG AGG TCC CTT AC 

F: CAC CAC AAA TCC AAG ACA ACA CTA CTA AG 

R: AAA TAA CAA GGA AAA GAA GTC AGG ATT C 



60 Size fractionation, 35 

1% polyaerylamide 

65 Sequence- spec! lit: 36 

PCR, 1 5% agarose 

65 Sequence-specific 36 

FCR ,1. 5% agarose 

65 Sequence-specific 36 

PC R J .5% agarose 

58 Sizcfractionation, 31 

polymery lamidc get 

Not specified Sequencing 37 

Not .specified Sequencing 37 

Not specified Seucncing J 7 

Not specified Sequencing 37 

55 5 ASO 27 

57 Heteroduplcx analysis 26 

57 5' Nuclease-based PCR 38 





Promoter (C-R19T) 


F: 

K: 
F: 




Promoter (0592 A) 


1 : : 
R: 
F: 


FLU 


5 r Flunking region 


9q 1 3 -,*-q 1 3-4 > t di nuc leoliJe repeal.) 


\<: 


1L13 


Promoter (A- 15 I2C) 


F; 


(5q3l> 




K: 




Promoter KM I I2T) 


1-: 
R: 




Ex on 4 (G2044A) 




At« ** Gin 


R: 


G-CSFR 


Intron 14(G-A) 


F: 


(1 p35-34.J) 




K: 



ATC CAA G AC A AC ACT ACT A A 

TAA ATA TCC TCA A AG TTC C 

TAG AGT AGG GTG AGG A A A CC 

GG I AG I GCr CAC CAT GAC CC 

GAA ATC GOG GTA AAG GAG CC 

AGT TCC CAA GC A GCC CTT CC 

GTC TCT GTC TCA GTC TGT CC 

GAC GGA AAG GCA GAG AAA GG 

CAA CCG CCG CGC CAG CGC CTF CTC 

CCG CTA CTT GGC COT GTG ACC GC 

GGA ATC CAG CAT GCC TIG TGA GG 

GTC GCC TTT TCC TGC TCT TCC CGC 

CTT CCG TGA GGA CTG A A TGA GAC GGT C 

GCA A AT A AT GAT GCT TTC GAA GTT TCA 

GTGGA 

AGA GGC AGG TGA GCA AC A GC 

GGG ACT GAC TTT GAA TCC CCT GGC C 



55.5 
57 



ASO 



27 



lleteroUuplex analysis 26 
Heieroduplcx analysis 26 



60 


Size fractionation. 




6$ polyacrylamide 


54 


BstU\ digest. 




3% agarose 


54 


BsiUl digest, 




%% agarose 


^5 


jV/cjIV digest. 




$% agarose 


65 


Baf\ digest. 




4% uguro.se 



39 



33 



33 



.?.? 



4U 



Abbreviations; TNF, tumor necrosis factor; 1L, inlcrleukin; G-CSFR, granulocyte colony stimulating factor receptor; VNTR, variable number 
of tandem repeats' ASO. allele-specifie oligohybiidization. 
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Z. opcuinu uiiguiiuuicuuues (jjiiiiieis; iui uic rv_jv icauuuii inusi ue gciiciciieu 
based on the adjacent sequence. Many commercial groups provide the service of 

cvnfhpci Tine hi ah-arnHp nlianrmplpntiHpc ( V&& lVntp 1 ^ 

3. Thermocycler. The PCR thermal cycler is required for both PCR amplifications 
and direct sequencing. To facilitate the high throughput of samples, a thermal 
cycler capable of running 96 or 384 samples is desirable. We use the MultiCycler 
PTC 220 Dyad (Biozym, Hessisch Oldendorf, Germany). 

2.3. Electrophoresis 

1. Horizontal electrophoresis system (small unit for 10 samples, large unit for 96 
samples + 8 DNA size standards). 

2. High- voltage power supply. 

3. Agarose {see Note 2). 

4. Tris-borate buffer (TBE; 5X; 54 g Tris base, 27.5 mL boric acid, 20 mL of 0.5 M 

t^t^ta r-TT o m\ 

cu i/\ iyn o.UJ;. 

5. Ethidium bromide (10 mg/mL, Amersham Pharmacia Biotech; stock solutions 

chniilH hp QtnrpH in lioht-tioht pnntainprc nt mnm tprnnprntiirp^ 

6. DNA size standard (100-bp ladder, Amersham Pharmacia Biotech). 

7. 5X Loading buffer: 0.05% orange G, 20 mM EDTA (pH 8.0), 20% Ficoll (Type 
400) in water (store at room temperature). 

8. Ultraviolet (UV) transilluminator with documentation system. 

2A. Sequencing 

1. Shrimp alkaline phosphatase and exonuclease I (Amersham Pharmacia Bio- 
tech). 

2. Thermo Sequenase Cycle Sequencing Kit (Amersham Pharmacia Biotech; 
includes Thermal Sequenase DNA polymerase 4 U/'fiL; reaction buffer; dGTP 
termination master [7.5 [iM dATP, dCTP, dGTP, dTTP], stop solution). 

^> . L*-^ - A JV-*^- lJ -' , l -•■ -t ^ V^i~l.lll\^J. J 11 dill X HCtilllCtV^lCl UlUlV/^11^. \\^aunuiii AW VVVJJ.1V VV1U11 

radioactive materials, laboratory personnel must be properly trained in the 
effective use of snecial nrecaution. which includes shields, snecial storage boxes, 
and disposal.) 

4. Sequencing electrophoresis system (includes gel apparatus, glass plates, spacer 
set, comb). 

5. High- voltage power supply. 

6. Glycerol- tolerant buffer (20X glycerol-tolerant buffer: 216 g Tris-HCl base, 72 g 
taurine, 4 g EDTA, double-distilled water [ddH 2 0] ad 1000 mL [Amersham 
Pharmacia Biotech]). 

7. Acrylamide/bis-acrylamide 19:1 solution 40% (w/v) (Amersham Pharmacia 
Biotech). 

Q TTf^Q fn Itvat-mtv^ ^ A m^t-oticim PJiorTYiQr>ia Tiir»t£»r»l-i^ 

9. 10% Ammonium per sulfate (APS; ammonium per sulfate 1 g [Amersham Phar- 
macia Biotechl and HoO to 10 mL: the solution mav be stored at 4°C for several 
weeks). 
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iu. i civici^ {iv,i\,i\ ,iv -LCLictiiicLiiyiciiiyiciicuicimiiicj (/viiieisntiiii riiaimauici 
Biotech). 

11 Arrvlpnep lSInnctirV Plntp Pnntina f ^trntnapnp la Tnlla C* A\ 

12. Tape. 

13. Gel-loading duck bill tips (Anachem Ltd, Luton, UK). 

14. 3MM Whatman paper. 

15. Saran-Wrap. 

16. Autoradiography films (Kodak). 

17. Autoradiography cassettes. 

18. Vacuum gel dryer system. 

19. Film processor. 

3. Methods 
. 1. isoiBiion ot UBnomic vmm 

Screening for polymorphisms is performed on genomic DNA (gDNA), 
which can be purified from fresh, frozen, or dried whole blood or bone marrow. 
Unlike RNA, gDNA is relatively stable and, thus, can be extracted from 
archived material as well as fresh samples. Genomic DNA can be isolated 
from whole blood or bone marrow by standard methodologies described in the 
literature. The salt precipitation extraction method used by the PUREGENE® 
DNA Isolation Kit yields large quantities of moderate grade of DNA, suitable 
for PCR amplification (see Notes 3-6). Phenol-chloroform extraction and 
ethanol precipitation are critical for high-quality gDNA (41). 

3. 1. 1. Isolation of Genomic DNA by PUREGENE® DNA Isolation Kit 

1. io isolate uin/\ irom numan wnoie-Diooa samples using me r ujsjnjmi>i}~ uin/\ 
Isolation Kit, add 300 jaL blood to a 1.5-mL-tube containing 900 jaL RBL lysis 

er»1ntir»r» r\iri-\Tir\e>r\ V\\r tVi£» tYiitinfar'tiiffir 

JV/1UUUU U1U11UVU L/\ ULJ.W 111U11U1UVIU1 V^-L. 

2. Mix gently and incubate 10 min at room temperature. After centrifugation for 20 s 
at 13.000? in a microfuge, remove suoernatant with a microninet. leaving behind 
the visible white pellet and 10-20 \xL of residual liquid. 

3. Vortex the tube vigorously to resuspend the white blood cells in the residual 
supernatant, add 300 \xL of cell lysis solution and pipet up and down to resuspend 
the cells. 

4. After RNase treatment (for this step, add 1.5 \xL RNase A solution, mix the 
sample by inverting 25 times, and incubate at 37°C for 15 min), cool the samples 
down to room temperature and add 100 \xL protein precipitation solution. 

j. vunex viguiuusiy lui z,u s aiiu uemiiiuge at u,uuu^ lui d min, su uiai me 
precipitated proteins will form a tight, dark brown pellet. 

f\ Pnur thp cunprnntnnt r-nntninina thp PlNTA \rttr\ c\ r-lpfin 1 ^.mT tnKp r-nntninina 

VJ- * A X^ Vf-A. U1V LJ U-LJ V^A. J-J-Cit-Ci-LJ. i- VV/J.J.I/MJ.J.J.±l.J.kk W.J.V A—' A li A llltV V* VIVUU A * «^- lllJ^/ t-VH-^V WlltWllllllW 

300 ^tL isopropanol. 
7. Mix the sample gentlv bv inverting the tube 50 times and centrifuge at 13,000.? 
for 1 min. The DNA will be visible as a small white pellet. 
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o r» ^ _j?j? ii „ ^^.„ j-„„i „jj inn ..t ~£ nr\rr/ ^+1 i 1 „ T „„u *i fwta ii^* 

0. ruui un uic supcintiiciiii, auu juu \Xi^ ui /uvc cuicuiui miu wasn uic i^i>/^ pcuci 
by inverting the tube several times. 

Q rVntrifnop fit 1 ^ DODo fnr 1 min anH rnrpfnllv nnur nff thp pthnrml Air-Hrv 1 ^_^0 

_-<•■ * \^viiti.ii.uuv wi-t x */ »\/\/\/x j.v± j. iiuii Miivf vWlvlUllj/ i/vwi vll LllV vuiuuvit J. ii-i ^*i > i. t^y *-* \j 

min before adding 50 \ih of TE buffer. The gDNA can be stored at 4°C. 

3. 1.2. Isolation of Genomic DNA by Phenoi-Chioroform Extraction 

1. For phenol-chloroform extraction, add 0.8 mL of IX SSC buffer (20X SSC: 3 M 
NaCl, 300 mM sodium citrate, pH 7.0) to 1 mL blood. 

2. Centrifuge for 1 min at 13,000g in a microfuge and remove 1 mL of the 
supernatant. 

3. Add 1 mL of IX SSC buffer, vortex, centrifuge as in step 2, and remove all 
of the supernatant. 

4. Add 375 \xL of 0.2 M sodium acetate, vortex briefly, mix the sample with 25 \xL of 
10% SDS (sodium dodecyl sulfate, Amersham Pharmacia Biotech) and 5 \xL 

ui jjiwitiiiaa^ iv v^u ±iig/in.L< ±i2vyy, anu iiivuuait iui i 11 ai ^^> \^. r-vuu l^\j \a,l^ ±±2W- 

saturated phenol-chloroform-isoamyl alcohol and vortex for 30 s. Caution: 
Because phenol and chloroform are hazardous chemicals, wear protective ar>r>arel 
and work with these reagents in a chemical fume hood. 

5. Centrifuge the sample for 2 min at 13,000g. 

6. Carefully remove the aqueous layer to a new 1.5-mL tube, add 1 mL of cold 
100% ethanol, mix, and incubate for 15 min at -20° C. 

7. Centrifuge for 2 min at 13,000g, pour off the supernatant, and resuspend pellet 
in 180 fxLTE buffer. 

8. Incubate for 10 min at 55°C. Mix the sample with 20 \xL of 2 M sodium acetate. 

9. Add 500 \xL of cold 100% ethanol and centrifuge for 1 min at 13,000g. 

10. Decant the supernatant and wash the DNA pellet with 300 \xh of 70% ethanol 



Y\i7 ini7arfinrv -frits +nr\o cairorol -rimcso 
l/j ±i± v v^i mig, UIC i-u-l/v ovvvim univo. 



1 1 . Centrifuge at 1 3 ,000g for 1 min and carefully pour off the ethanol. Air-dry 1 5-30 
min before adding 50 \xh of TE buffer. 

12. Measure the absorbance of the DNA at 260 nm and 280 nm. An OD 260 of 1 cor- 
responds to approximately a concentration of double-stranded DNA equivalent to 
50 jxg/mL. A final concentration of gDNA between 20 and 100 ng/jxL is useful. 
The quotient OD 26 o:OD 28 o should be greater than 1.75. A lower ratio is an 
indication that significant protein contamination is present and could undermine 
amplification. Phenol-chloroform extraction should be performed if the 260/280 
ratio is especially low. 

3.2. IL-6 Promoter Polymorphism (G-174C) 

o.z.. i. run Amplification 

A common polymorphic site has been identified at position -174 of the 
human interleukin-6 (IL6) promoter, a transition G -* C (42). This variant 
is interesting because of the functional implications, an alteration in gene 
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G allele 



S' ftTCTCAAGACATGCCAAnTCK J 



GATQ- 



246 bp 



Nla\U 



fCAQAATGAGCCTCAGAOACATCTCc] 3' 



65 bp 



C allele 



Nh\l\ Nta 



5' frrGTCAAGACATOCCAACTOq " 



CATG 



135 bp 



111 bp 



II 



— E 

65 bp 



AiiAATGAGCCTCAGAGAl ATlTCC 



3* 



100 bp 




1 



8 



10 



Fig. 1. The G^C IL6 promoter polymorphism at position -174. After digestion of 
the 31 1-bp PCR product with Main, allele G gives two fragments (65 bp and 246 bp). 
On the 3% agarose gel, homozygotes for allele G are seen on lanes 3, 5, and 10. The 
allele C creates a second recognition site for Nlalll and the fragments are 65 bp, 1 1 1 bp, 
and 135 bp in length. Homozygotes for allele C are seen on lanes 2, 4, and 6 (the 
fragments 111 bp and 135 bp in length are not separated). In heterozygotes, Malll 
digest gives fragments of 65 bp, 111 bp, 135 bp, and 246 bp. Heterozygotes are shown 
on lanes 7-9. The 100-bp ladder is loaded on lane 1. 



expression. The IL6 promoter SNP has been studied in a wide spectrum of 
genetic association studies and been shown to be significant in autoimmune 
disorders (inflammatory bowel disease), neurodegenerative diseases (multiple 
sclerosis), bone density/mineralization, and inflammatory/malignant disorders 
(i.e., Kaposi sarcoma in human immunodeficiency virus [HIV] -infected men). 
Moreover, the distribution of this SNP varies greatly among populations studied 
to date. The variant C allele can easily be detected by RFLP because the C 
creates a second recognition site for the restriction enzyme Nlalll (see Fig* 1). 
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After PCR amplification and restriction digest, the polymorphism can be 
screened by gel electrophoresis {see Fig. 1). 

lo raciiitate rapiu throughput, it is recommended tnat multiple r^rs. reactions 
(e.g., in a 96-well microtiter plate) be performed simultaneously. Therefore, it 



.c~„ 



nr^T* ^, 



.11 



It) piCldlCU LU gCllClilLC U, I~^1X llliUSLCI 1111A UUllLiUlllllg itll UU111111U11 UUllipUllCllLt), 

except template DNA {see Notes 7 and 8). Aliquot 25 \iL of the master mix 
niLu cne 7U-WCH iniwiuuLci pidtQ. 





One reaction 


Master 


mix for a 96-well plate 


10X reaction buffer 


2 uL 




200 uL 


dNTP (100 mM) 


0.5 uL 




50 uL 


Primer IL6-F* 


0.5 uL 




50 uL 


frimer ilo-k 1 


U.Z) [XL 




50 uL 


H 2 


21 uL 




2100 fxL 




U.^D jXj-^ 




o<; ..t 



*IL6-F: 5' TTG TCA AGA CAT GCC AAG TGC 3' (stock: 100 ng/pL). 
ilo-k: 5 uauaai uau l^;i laualta <^/u <^il; l; 3 (siock: iuu ng/[\L/) 
1. Between 20 and 50 ng of gDNA should be used as the template. 

initial denaturation step for 10 min at 95°C, run 25 cycles of 95°C for 1 min, 
63 °C for 1 min. and 72°C for two min (see Note 9). In this assav. it is critical to 
perform a 10-min extension at 72°C. 



3.2.2. Digestion of huh Products 



1. For the restriction digest of the PCR product, the following is suitable {see 
Note 10): 

8uL 

10 uL 

2 uL 

1 jxL 



PCR product 

H 2 

10X reaction buffer 

Malll 



A77„TTT ^ 1 J -C XT T Tl^ ~1 A T>:^1„U„ ATA 

ivtain is puiuiiciscu iiuni i>cw ciigituiu oiuiaus, ivi/\. 



2. Incubate at 37°C for at least 2 h. 



3.2.3. Eiectrophoresis 



Aftpr PPT? nmnlifi nation anH rpQtrintion HiapQt thp apnotvnp of thp 77 A 

A A. A. V^S A A- ^^^ A V. V*AAA h/AA A A ~%^ W VA ^V^ A A V^VAA ^*- A- ^^ U VA A '%-' VA "V-' A A ^*- A «_ ^^ L_J ^ » VAA ^B- W ^^ A A X^ 1 V T |^ ^^ "V-' A_ VAA^ A A J \_S 



pn 



nmnfpr nn1vmnrnhi<;m is direcflv determined hv siyp frnptinnFitinn 



Add 20 g of agarose (SFR, Amresco, Solon, OH) to 100 mL of 0.5X TBE in a 
250-mL Erlenmeyer flask. Heat the solution in a microwave until the solution 
just starts to boil. Allow solution to cool. It is important to stir agarose while 



1:~~ + + "i — ««c" f - ■£ ^^*-^ r\~~~ „^„ ^^ u„^ i~j +^ /rco/^i „jj 

uuuinig iu picvciiL lumps iiuin luiiiiiiig. v^/ii^c agciiusc litis tuuicu lu uj v^, ctuu 

ethidium bromide to a final concentration of 0.5 fig/mL and mix gently (wear 

olrwpc hprmiQp pthiHiiiTYi hrmniHp ic hiahlv TYiiitnapnir^ 
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2. Pour the molten agarose solution into the casting tray. Immediately push any air 
bubbles to edges of the template using a pipet tip. Insert comb and allow gel to 

nn1vmpri7P fnr c\r\r\rr\M: 1 h to i"nnm tpmnpratnrp 

3. Add 1000 mL of 0.5X TBE (running buffer) to the electrophoresis tank. Place 
gel in tank and carefully remove combs from gel. Ensure that the gel is covered 
by buffer to at least a depth of 3-5 mm (see Note 11). 

4. Transfer 8 \xL of each digested PCR product into a 96- well micro titer plate. 
Ensure that product is in each well. Then, add 2 \xL of 5X loading buffer. Using a 
multichannel pipet, load carefully 10 \xh of sample/loading buffer into each well 
of the gel, starting with the fifth well of each row. The first four wells are reserved 
for the size marker, followed by a negative control (without DNA) and known 



genotypes oi nomozygous ana neierezygous coniroi samples ^posmve conirois;. 

j. riatt ui^ nu ui ui^ ^i^wuupiiui^aia avai^m un iup u± Uie titwuupnuitaia laiuv, 

connect the electrodes to the power supply, and electrophorese the samples at a 
voltage of 1—5 V/cm (measured as the distance between the electrodes). Run 
the gel until the bromphenol blue has migrated the appropriate distance through 
the gel (bromphenol blue migrates at approximately the same rate as linear 
double-stranded 300 bp in length). 
6. Once electrophoresis is complete, remove gel from the tank and place it under 
UV light. Photograph if separation of bands is clear; otherwise, run the gel 
longer (see Fig. 1). 

3.2.4. Sequencing 

For quality control, it is often useful to confirm the validity of the results 
by direct sequence analysis. Nonradioactive, fluorescence-based automated 
sequencing systems, such as the MegaBACE DNA Sequencing System (Amer- 
sham Pharmacia Biotech) or ABI Prism (Applied Biosystems), are quick and 
accurate, but expensive. We present manual radioactive sequencing, which is 
still used in many laboratories. It is possible to use the same oligonucleotides 
to amplify a fragment for sequence analysis. However, it is preferable to design 
at least one oligonucleotide to include a 5' universal tag sequence, which will 
serve as the site for priming the sequence reaction. Often, a bacteriophage Ml 3 
universal sequence is used for this purpose. 

3.2.4.1. Sequencing Reaction 

1. For sequencing PCR products, pretreat DNA with exonuclease I and shrimp 
alkaline phosphatase. This removes residual single- stranded primers and remain- 
ing dNTPs from the PCR mixture and prevents any interference with the PCR 
reaction. 

r»/^"n +~+.^a^^^4- c ..t 

r\^j\piuuuti j \Xl^, 

Exonuclease I (10 U/fiL) 1 \xL 

Slhrinrm alkaline nhnsnhntflQp (2 TT/nT .^ 1 11T 
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15 min. It is convenient to perform these steps in the thermal cycler. 

Prvr thp nrpnaratinn nf thp renrtirnn rniyfur^ nrpnarp 

containing all the components except template DNA. 



9 Prvr thp nrpnaratinn nf thp rpnctlOf) fflixtlJfP rvrp-nnrp an annrnnriiitp mnefpr miv 



Master mix for 
One reaction a 96-well plate 

Primer (0.5 pmol/fxL) (see Note 12) 2 \\L 200 [xL 

dH 2 13 \xL 1300 [iL 

Reaction buffer 2 [iL 200 [iL 

Thermal sequenase 2 jaL 200 [iL 

3. Transfer 19 fxL of the reaction mixture (prepared in step 2) and 1 [iL of the 
pretreated DNA (prepared in step 1) into a labeled tube (see Note 13). Mix and 
place the samples on ice. 

4. Mix 2 \xL of termination master mix (7.5 \xM dATP, dCTP, dGTP, dTTP) and 
0.5 \xL of [a- 33 P] -labeled terminators ddNTP to produce a termination mix for 
each ddNTP (see Note 14). Label, fill, and cap four tubes (G, A, T, C). It is more 
accurate and convenient to prepare batches of termination mixes sufficient for 
all sequences to be performed. 

S Tiionanpa v ^ III TTTiiTi £»or*r» tarminohrvn ty-iiv +r\ o Qh iT/tall miprntitar i-iloi-a Qfoi-i- 
»j>. UUpWlOV Zj.U [LJjLj 11U111 V^W-V-'A-l ICllllllldllUll ±li±^V H^ W. ^Vj>-VV\^±± ±a±± V± VjF ULl-V^± jj±u.iv^. wjitu-i 

with ddGTP to the first well and continue with ddATP, ddTTP, and ddCTP. Keep 
this order for all sarrmles. 

IT 

6. Transfer 4.5 \xh of the first pretreated DNA sample/reaction mixture (prepared 
in step 3) to the wells already containing 2.5 \xL of the termination mix (G, A, T, 
C). Continue with the other samples in the same way. Keep a record of the order 
of templates to facilitate reading the data later. 

7. Seal the plate and place it in the thermal cycler. Run 35 cycles at the following 
conditions: 95°C for 30 s, 55°C for 30 s, and 72°C for I min. Add 4 \xh of 
stop solution. 

8. Cover the samples with aluminum foil and freeze them until electrophoresis is 
performed (see Note 15). 

3.2.4.2. Sequencing Gel and Electrophoresis 

1 . Sequencing gels should be prepared at least 2 h before use and can be made up to 
24 h before needed. To prepare the gel, mix the following: 

20X glycerol tolerant buffer 5 mL 

Acrylamide/bis-acrylamide 19:1 solution 40% 14.4 mL 

dH 2 42.0 mL 

Urea (ultrapure) 48 g 

Wear gloves because acrylamide, which can be absorbed through the skin, is a 
potent neurotoxin. Mix until urea is dissolved. This takes approx 30-45 min. 

A. 1UWV JV1UUV/11 Vll AW. 

2. Wash glass plates and spacers thoroughly with water and ethanol. Treat the 
surface of one plate with Acrvlease™ Nonstick Plate Coating: this prevents the 
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gci iium suuKing iv uuui jjicucs cuiu icuuucs uic pussiuimy uiai uic gci win ictu 
when it is removed from the plates. 

^ Arrnnap thp alncc nlntpc with the crmrprc nnrl mnVp rprtnin thnt hnth ciHpc finH 

the bottom are water-tight (e.g., use a sealing tape). 

4. Add 400 ixL 10% APS and 90 uL TEMED right before pouring the gel. 

5. Slowly pour the solution with a 50-mL pipet down one side of the gel mold while 
holding the frame at an angle of approx 45° to the horizontal. Pour the solution 
in a continuous stream to avoid air bubbles (see Note 16). 

6. Insert the comb and allow the gel to polymerize for 1-2 h. 

7. After polymerization, insert the gel into the electrophoresis apparatus. Fill the 
reservoirs with running buffer (IX glycerol-tolerant buffer). 

8. Preheat gel for approximately half an hour (see step 11). 

:?. xuiii un ui^ puwti. IVtlllUV^ Lilt v^uinu yscc IIUIC ±i )• 

10. Heat sequencing reactions at 80°C for 10 min for denaturing. Place samples on 
\re and InnH annrnir 9 11T in nnp well with crpl-lnaHina Hnrk hill tins Carefllllv 

avoid letting samples bleed into the adjoining lane. Again, keep a record of the 
order of the templates and the load of the reactions. 

11. Run the gel at a voltage gradient between 1 and 8 V/cm until the marker dyes 
have migrated the desired distance (e.g., xylene cyanol FF comigrates in a 8% 
denaturing polyacrylamide gel with DNA of 76 bp in length, bromphenol blue 
with DNA of 19 bp length). 

12. At the end of electrophoresis, remove the frame from the electrophoresis 
apparatus. Using the end of a metal spatula, separate both glass plates. That gel 
will remain attached to the lower plate. Cut off a small piece of the upper right 

13. Remove gel from glass by placing a 3MM Whatman paper on top of the gel. 
Slowly lift the Whatman paper with the attached gel. Place Saran-Wrap over 
the gel and place the gel into the dryer. Dry the gel under vacuum at 80° C 
for 1-2 h. 

14. Remove the Saran-Wrap and place the gel with autoradiography film in a 
cassette. 

15. Develop autoradiograph after overnight exposure and read the sequence. 

3.3. IL1RN Polymorphism 

A common Dolvmornhism in the IL1RN eene lies in intron 2. where there 
is a variable number of identical tandem repeats. These can be screened by 
a PCR amplification technique and the variants determined by size fractiona- 
tion via 2 el electrophoresis. The most common allele contains four repeats 
(allele 1, frequency 0.74) (43). Allele 2 contains two repeats and its frequency 
is 0.21 (43). Variants of the IL1RN have been associated with a series of 
disorders, including auto-immune diseases, alcoholism, cancer, and infectious 
diseases. 



88 Lehrnbecher and Chanock 

3.3. 1. PCR Amplification 

1, The PCR amplification for screening the polymorphism in the IL1RN gene is 
performed as outlined in Subheading 3.2. 1. For the PCR reaction, mix the 
following: 







Master mix for 




One reaction 


a 96-well plate 


10X reaction buffer 


2fxL 


200 [iL 


dNTP(lOOmM) 


0.5 \\L 


50 uL 


Primer IL1RN-F* 


0.5 ^L 


50 ^L 


Primer ILIRN-R 1 ^ 


0.5 (xL 


50 uL 


H 2 


21 \xL 


2100 m>L 


Taq DNA polymerase 


0.25 \iL 


25 u,L 



*IL1RN-F: 5' CTC AGC AAC ACT CCT AT 3 f (stock: 100 ng/^JiL) 
^ILIRN-R: 5' TCC TGG TCT GCA GGT AA 3' (stock: 100 ng/^L) 

2. Add between 20 ng and 50 ng of the appropriate genomic DNA. 

3. Thermal cycling parameters are as follows: After an initial denaturation step 
for 2 min at 96°C, run 35 cycles of 94°C for 30 s, 58°C for 60 s, and 72°C for 
2 min (see Note 9). 

3.3.2. Electrophoresis 

After PCR amplification, the genotype of IL1RN is directly determined by size 
fractionation. As outlined in Subheading 3.2.3., mix 8 \iL of DNA with 2 \iL 
of loading buffer and run the samples on a 3% agarose gel (TreviGel 500 
[Trevigen, Gaithersburg, MD]). Load next to the molecular- weight marker and 
the negative control digested PCR samples of known genotypes as positive 
controls. 

3.3.3. Sequencing 

Perform quality control in a double-blinded manner for the first 50 samples 
as outlined in Subheading 3,2.4. 

4. Notes 

1. For a PCR-RFLP assay, a gene fragment containing the polymorphic site is 
amplified using a unique pair of primers. It is useful to test primer sequences 
for homologies to publicly available genomic sequence using the Basic Local 
Alignment Search Tool (http://www.ncbi, nlm.nih.gov /BLAST/). This avoids 
coamplifying highly homologous regions. 

2. An effective separation of DNA is achieved on agarose gels, which can vary 
in concentration and density, both of which influence the migration patterns 
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ui iiagiiicms. rui upiiiiitu scjjtuauuii ui snicui r\^n. jjiuuuuls (e.g., ^.u.j ft.uj, 

Agarose SFR (Amresco, Solon, OH) or TreviGel 500 (Trevigen, Gaithersburg, 

lVTPi^ chrvnIH hp iicpH nt n pnnppntratinn nf nt Ipnct 9% 

3. Genomic DNA purified from blood is generally useful, even if the patient has 
received a transfusion within the last several weeks. 

4. The yield of gDNA depends greatly on the number of white blood cells. This has 
to be considered especially for samples from (neutropenic) cancer patients. 

5. For purification of gDNA of clotted blood, add 50 \xL clotted blood to a sterile 
1.5 mL microtube containing 550 \xL Cell Lysis Solution (PUREGENE® DNA 
Isolation Kit). Pipet up and down several times to mix. Add 3 \xL Proteinase K 
Solution (20 mg/mL) and mix by inverting 25 times. Incubate at 55°C for 3 h to 



overmgni unui ciois nave aissoivea. ^.ooi me samples 10 room temperature ana 

^uniinut wiiii iii^ ivi>aa^ iicauii^iii, piui^in jji^wipnauuii, LJiyrs. pi^uipnauuii, 

and DNA hydration. Because the PUREGENE® DNA Isolation Kit is a reagent- 
ha<jpH QvQtpTYi thp reasent volumes mav hp scaled ur> toronortionatelv according 
to the sample size. 

6. If necessary, red blood cell lysis may be repeated. 

7. All PCR reactions are set up on ice. To avoid contamination, PCR reactions 
should be set up in a special area designed only for PCR. In addition, we suggest 
the use of filter tips. 

8. Most experts agree that before calling a genotype, at least or more separate 
amplification assays should be performed and matched. 

9. The purity and fidelity of PCR amplicons are dependent on optimization of 
the assay. However, there is room for variation in conditions; for example, 

1V/UU11VU A Xw'J.'V W11U1UU11i3 1.KJL LI^l±±\±y UlClV V-il-LlVl 111 ^ V V^IV^ lllilllUVl, ^ V V^IV^ ICllglll, ClllU 

annealing temperature (43-45). For each individual laboratory, the optimal PCR 
conditions might differ slightly from conditions reported here. 

10. The enzyme content of the restriction probe should not be more than 1 : 10 of the 
entire volume, because the enzymes are diluted in a very highly concentrated 
glycerol solution that inhibits the enzyme activity. 

11. If gels are covered with running buffer, they can be prepared in advance and 
left overnight. 

12. For diluting the sequencing primer to a concentration of 0.5 pmol/jxL, determine 
the concentration of primer by reading the optical density at 260 nm (OD 260 ). 
The approximate concentration (pmol/jxL) is given by the following formula; 

^uiicciiuauuii ^jjiiiuiv [Al^— w 1^260 /u,VJliV /'' vvncic iv i& uic nuiiiuci ui uaacs. 

13 T"F tti^ Pf^T? i*j=»cir»t-i r»n rpcilltc in c\r\r\r\ niiQtitihf anrl nncilitir wre* tvnir , 5l11v 11QP (C\ S 1 III 
^> • -I--L. 111V- 1 \_-±\. 1VUV/UU11 1 VJ UllJ i±± p. \J \J\* \A UU11 U. I- V IU1VJ UUUlllj; VW l\ L/1VU11 V LikJV/ \\Jt^J -L lAll— i 

of pretreated PCR products (length < 500 bp) for the sequencing reaction. 
14. If secondarv structures nroduce eel artifacts resulting in a loss of information, 
dITP master (7.5 \xM dATP, dCTP, dGTP, and 37.5 \xM dITP) can be used instead 
of dGTP master (7.5 \xM dATP, dCTP, dGTP, dTTP). Then, the termination 
temperature should be reduced from 72°C to 60°C and the extension time should 
be increased to approx 5 min. 
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15. Samples can be kept frozen for several days before running. Consider that the 
half-life of P 33 is approx 25 d. 

\f\ Tn thp nrpcpnpp nf nir KiiKhlpc c\\ic\\(\ InnHina tlipcp Innpc fnr cpniipnr-ina plpr-trn- 

J. X_/ • 1.11 U.J.W k/lVUVUVV Vi W-X.L !_-* Vft-lS *_• J. V U * W T V1W IVbiUllltk H1VUV 1W11VLI J.V± LJ ^** /,fc 1 ** ^"VUl *"^ W .1. W V^ U- X_^ 

phoresis. Tf there are too many bubbles in the gel, prepare a new one. 
17. It is important to wash out the wells thoroughly as soon as the comb is removed. 
We flush out the wells with running buffer using a fine pipet or a Pasteur pipet. 
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Apoptosis Induction by TRAIL 

Angelika Eggert, Hauke Sieverts, and Henning Walczak 



1. Introduction 
1.1. Background 

In 1995, the tumor necrosis factor (TNF)-related apoptosis-inducing ligand 
(TRAIL) was identified on the basis of sequence homology to the other 
members of the TNF family (1). Like TNF and CD95 ligand (CD95L/FasL/ 
APO-1L), TRAIL (APO-2L) has been been shown to be a potent inducer of 
apoptosis in various cancer cell lines (2-4). However, in contrast to injection 
of TNF or CD95L, which are both lethal to mice (5), TRAIL exerts potent 
antitumor activity in vivo without exhibiting systemic toxicity (6-10). Thus, 
treatment with TRAIL might be a promising therapeutic approach for many 
solid tumors. 

Two agonistic receptors for TRAIL have been identified: TRAIL-R1 (DR4) 
(11) and TRAIL-R2 (KILLER, DR5, TRICK2, APO-2) (12-16). Both contain 
a cytoplasmic death domain that is essential for the transmission of the death 
signal. Although TRAIL and its apoptosis-inducing receptors TRAIL-R1 and 
TRAIL-R2 are widely expressed in human tissues, most normal cells are not 
sensitive to TRAIL-mediated killing (1), whereas other normal cells exhibit 
reduced sensitivity (17). Two potentially antagonistic surface receptors, 
the membrane-anchored TRAIL-R3 (DcRl, TRID) (11,14,18), which lacks 
a cytoplasmic domain, and TRAIL-R4 (DcR2, TRUNDD) (19,20), which con- 
tains a truncated, nonfunctional death domain are unable to transduce a death 
signal). The initially observed preferential expression of these antagonistic 
receptors in normal tissues led to the hypothesis that both proteins may protect 
normal tissues from TRAIL-induced apoptosis by competing with the agonistic 
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receptors for limited amounts of ligand (11,14,19). However, recent studies 
suggest that the mechanisms regulating TRAIL-mediated apoptosis are more 

1 j-1 j-1_2„ 1„1 y"» t o^y\ 

eompiCA man mis muuci \£l—d£). 

TRAIL induces apoptosis via a caspase-dependent signaling cascade (33). 

CAT^rv/n/r — 4-1 — J o 4<-/i/-1 t-^ <-i — *- — -~ -~J l~.~ t't^ a tt 

riwjvji iviui l i anu ua^jjatsc-o aic icuiuilcu lu liic apupLUMJS-iiiuuuiiig HV/Al-L, 

receptors (17,34-37). Activation of caspase-8 and caspase-3 is followed by late 



i s^ *■"* o ^^ 



uidMjjauuii ui uic iiiiiuuiiuiiunai niQiiiuicuic; jjui^iiutu anu wjluullluiiiq-c icicasc 

and induction of DNA fragmentation (38). TRAIL can bypass the antiapoptotic 

^ii^L/i ui jjc/1-z^ ui ijv_.j^-aj^ uvcicApitaaiun 111 aunic; ^c;n L^ypc^a \*jjr,**v; uui 

not in others (4/). Tumor cells that lack caspase-8 because of deletion or 

ii jpuiinuLii jy lauun ui tnu gv^iii^ jjivjiiujl^i aiu itaiaiaiiL lu iivriiLi-inuuLLU 

As induction of tumor cell death by direct activation of TRAIL receptors 

mirrnt \-\a o-n offrooti'ira 1-11=11*7 f rii2i-ro-t-\i2Mi<-i >^ o frn <~a m 7 T/~vr- nno-nir nnmon fi 1 tTri i^-fo <"Vii2k 
llllgllt U^ Clll CltULCU^CAVV^ 11^ VV HH^AClj-/^LH.l^ OtXCltV^gJ 1U1 UlCtllJ 11U111C111 LUlllUlO, tll^ 

expression and function of the TRAIL system deserves further investigation in 

M, VV1UV 1U11CV VI 11U111U11 i±±Cli±^±±fcl±±V^AV^O. 

Methods for analyzing the role of the TRAIL system in a certain cell type 
can be classified as quantitative or functional. Each approach has advantages 
and limitations. The most appropriate method depends on the cell population 
in question. In our opinion, reverse transcription-polymerase chain reaction 
(RT-PCR), flow cytometry, and Western blot analysis are the most useful assays 
for the quantitative analysis of the TRAIL system in cell lines. For the analysis 
of the TRAIL system in the tissue of mixed cell populations (i.e., tumor 
tissue), methods like flow cytometry and, if possible, immunohistochemistry 
are adequate because of the ability to differentially determine surface and 
intracellular expression on subpopulations of cells. Thus far, functional assays 
using recombinant TRAIL for the induction of apoptosis are limited to cell 
cultures (short-term culture of primary cells or established cell lines). 

1.2.1. Quantitative Analysis 
1.2.1.1. RT-PCR 

One quantitative approach is the analysis of TRAIL and TRAIL-receptor 
mRNA expression by semiquantitative RT-PCR. RT-PCR is a sensitive analyti- 
cal method and is a suitable approach for the analysis of mRNA expression 
in cell lines. Because of the extreme sensitivity of PCR, there is a risk in 
PCR-based measurements of tumor tissue that the mRNA detected may derive 
rrom a minor contaminating cen population iikc lymphocytes or norooiasts. 
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For quantitative RT-PCR protocols, a sensitive detection of PCR products is 
essential. PCR has to be performed at a reduced number of cycles to ensure that 

1 1 * /"* * * * 1 1 * 1 * 1 1 T ~T~ 1 1 1 * * 1 

tne ampiiiication is stin in tne exponential pnase. Under tnese conditions, trie 
amount of PCR products generated is too small to be detectable by commonly 

1 1*1* 1 * 1 ■ * * A 1 ^ /~V /~\ /"* 11 * * 1 * 

useu etnidium bromide staining. /\oout juu-ioiu more sensitive uetection 
of PCR products is achieved by the blotting-based technique using biotinyl- 



atcu rv_,rv pinn^is u^uiucu iiqi^. 111c iiuuscis^cping gc;iic gi^v^iaiuciryuQ-j- 

phosphate dehydrogenase (GAPD), which is transcribed constitutively in most 

/-\ /-\ II 4~t t*^. j-\ i-i r^k -f-% /-J 4~-t n n i t .*-* n h n i t n .<-* y-J r-fc n *-k -f* ^ ♦-*■* Tr» -*•-• r^k ■*-* +- -■ -f* x- s-\ ~**-v\ r^k I /-% v^-f* 4--v/-^». I +- v'-*-** x Tn -*•-■ rk'fn *"w ■*■-* n 

v>c;n tjpc;s anu tissues, is uacu as an invanaiiL nit^mai tuimui iui va±iat±uiis 

in RT, PCR, and product detection steps. A modification of GAPD primers 

^apjjii^aLiwii vji uivj tin j latv^u. va iivjiiui^Liiiviatv^u. piiin^is 111 a lauu vjj. A.^-r^y 
iv^u-u^v^u. uit- signcu. iiiLv^iiaiLY yji- kjj~±l is LllclL was j.ii±u.a±±j \.\j\j SLiwiig, anu., uiwtuj, 

allowed the analysis of both GAPD and target gene signals within the linear 

ronrra r^iT tl rrtir ti 1 rtn r\ a+-ckr»+-t i~vn I /# Z I 
xcingv^ ui ^v-xcij iaaaaa \j.v^n^^tAv^ii ^-r^/y. 

1 .2.1 .2. Western Blot and Immunohistochemistry 

Immunohistochemistry is a useful technique for the analysis of protein 

* * * * s^\. * * 1 1 * 1 1 * * 1 /** 

expression in primary tissues. Originally, most antioouies required frozen 
tissue. More recently, an increasing number of antibodies can be applied to 
luriiiaiin-iixeu, paraiini-einoeuueu tissue, wnicn is uie universally appiieu 
method of tissue preservation. This has opened the door to the testing of 

aiuinvai iiidtciicii. iu ciiaui^ uic quaii l^ ui uic aiiaiysis, niiiiiuiiuiiiaLuwiiciiii5Li < y 



y^fc txt ■*-* n * rr\ -t* 



i-i |^ v^fc ill >-J r-fc liTTr-kXTi-i l^ y-\ -*^ -^v -*•+- ,/-* -t« -t^v^ ^-\ /-J ^ ♦** j^fc *-^w v^-^ -*^ j-\ ■+* r"k x - ^ *— \ ■•--* x t t ^ +■ l^ r-k -*^ r-k X - l^ /- Hi I *-^w *-*- ^ n +■ I I v_..., . . _ _ 

anuuiu aiwajs u^ pc;iiuiinc;u 111 tuupciauun wiui a pauiuiugisi. nuwtvti, 

immunohistochemical detection of TRAIL and its receptors will not be 

uwuiutu iiti^, as it is sun uiivi^ai wn^tn^i cuii^iiti^ avanauit antiuuui^s 

that can be used for the specific detection of TRAIL and its receptors by flow 

\^y t^iiiv^ti j anaijsis anu./ ^1 Yvv^st^in u±wt a±v^ iiiu-v^v^u. ounaui^ ±w± tuv^ spv^t/iii^ 

detection of these antigens in tissue sections. 

W/actarn 1-\1 /^t" nnnlifPic 10 o 110121T11I nrimi-n i"v/~1 T/^r - /^i2i1"d/^1"i -n rr 1"ri 121 /^-iTTi^k-fiZk-nl" ^r\nctitn 

ents of the TRAIL system in cell lines. Although an antibody suitable for the 

H(=kt<=kr»ti/~\-n r^-f TT? ATI in r»i=il1 KrcotAC 1c 01701 1 or\l c* tnp TT? ATI rAPAntr4r_cnAr>ifip 

antibodies that are currently available work best after affinity precipitation 

n^-f i"l»i=k lirratirl T-fr\\n7<^\7Pkr nr\r\r» \7(^r\T 1»1 crV\ pvnrpeciAn n-f t\i(± cr\^r t -t fin rp^pntArc 

V/l HIV AJ.gLt.XAVA. llVTVV/YVlj U.|JVyAA VV^AV llltll V/VL/lVJOlUll V^A L11V JL/W111U AWVyl/LVlOj 

tlii^GP' ontiKr^Hi^c mo\7 in "for«t olcn \n7r\rV HirPT , t1\7 r\n r^ll 1\7Coti^c HTnic noc tr\ 

U1VJV WllUl/VUlVL) 111WJ j AAA XUVLj l^AUX./ VT V11V U-llWUJ Vll Wll A\ JULVlJi J. AAAU IIUlI tV 

be thoroughly controlled. 

1 .2.1 .3. Flow Cytometry 

Flow cytometry (FCM) allows cell-by-cell analysis and is attractive for the 
analysis of cell lines as well as primary tissue. Two major advantages in using 

T _, /^1V K j-„ 1,.„ a TT\ ATT 4, r 1 /1\ j-1 „1_21^j--, j- _ J „j- ' . 

r^ivi to miaiy^c n\/\ii^-rcccptur cAprcission arc (I) tne tiuiiity to uctcriiniic 
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actual surface expression of the receptors and (2) the ability to determine 
differential surface expression on subpopulation of cells, using multiparameter 
FCivi. In the context of tumor tissues, this usually requires the inclusion of a 
tumor marker for the malignant population. Recently, monoclonal antibodies 
for sensitive analysis of cell surface expression of TRAIL receptors have 
become available. For this analysis, adherent cells have to be detached 

nuiiciiz.^iiiciuwtiii}', wii^ica^ iiunauiiciciiL wcii^ wan uc uscu a^ suwn. 

7.2.2. Functional Analysis: Assessment of Cell Viability 
After TRAIL Treatment Using MTT Assay 

Ac m^-ntirvn^rl (^nrlt^r finir>hf\nol acco\rc licinrr rppnmninont TT? ATT Tr\r tnp 

A U AAAV^AAtAWAAV^l^l V^CllllV^l, A. LAAAV^UAV^AACIA UJ JU V J tAOAAACi 1 VW111U111U1H. A 1\J 11JJ 1U1 »-AA\^ 

i-nrlin^i-irvn Af annn("Acic arp limit^rl tr\ r^ll r»n 1 tur^e ^e Virvrt-ti^rm ^ultiirA nf nrimcin? 

AAAV.AlJ.V.'l.AVJAA VI UL/UL/IVJIO Ul Vy 11111H.VU tvy V/Vll V/U11U1VJ \ OllV/1 I IV1111 VU1I.U1V V/l L/11111U1 \ 

cells or established cell lines). Functional tests are most useful when the cells 

Tm^f* K^^n cTir\\s;n to PYnrpcc thf* r^t^wxtit rpppntnrc f rvrvfW'si'h 1 \f V*\f ThT^IVT nrmWcic* 

A AM- V V UVV11 J11V TT A A IV >^-^V l_/A VJJ U1V A V1V T W1H A V^ VV^ J_/ VV1 LJ \ l_/J_ >^J_ VA H^k-Zi V U J A. V^il A VtAAWJ. V UAU , 

RT-PCR and Western blot should be performed in addition), to determine 

whpthpr tTip\f nrp r'tmcihip nf rpcnnnrliTio Thic rprmirpc q fnnr'tirkrml TT?ATT 

T T AAW VAA^'A U1VJ WA W Vli |J HL/ AW V^ A. A ^^ U |J V^ AAV*AAA W • A, AAA U A W VI W*AA W U V* A. W11V VA V^AAM^A A X %.A MJ — J 

signaling pathway in the cells to be analyzed. The functional approach is the 

mnQt relevant to thf* nrmlvQiQ rvf nrmliormnt cells because thp mere exnression of 
the potentially apoptosis-inducing TRAIL receptors can be without functional 
conseauence n$ it is necessarv but not sufficient for thp. nnnntntir rpsnnn<jp of 
tumor cells to treatment with TRAIL. 

2. Materials 

2. 7. Semiquantitative RT-PCR 

O 'Y ^ I 1 i-%t-t i i«n mru*] DA/A ^^is+m «+/,« »"» /r\ ^\ ^\ A/j« x a "^ \ 

^. /. /. / /c?c?uc?c? d//u n/v/"i ^AuaLriiuii (occ PiOie I J 

1. Pelleted tumor cells (approx 1 x 10 7 cells) or frozen tumor tissue (at least 
20 mg). 

2. RNeasy Mini or Midi Kit (Qiagen, Valencia, CA). 

3. Ethanol 100% and 70% (see Note 2). 

4. p-Mercaptoethanol. 

2. 7.2. RT-PCR 

1 Primpr Cf^rin^nr*f^c (?£>£> T^hl** 1^ (<?£>£> lNInt** ^^ All rvrimi^ro Qnrl nrr^Vii^o cVimilrl V\^ 

A • A A 1111V1 UVU WV11WU \ U 1^ \~- M^%J%.W_F *■%** M^ f \ UH-- XX ^J %,■%*/ +~S / • *- AAA |J 'A 1111V1 kj U11VI | u /AVyUV-'kJ kJAAW U1U L/ V-' 

aliquoted and stored at -80°C (see Note 4). 
2. SuoerS ciiot™ Preamolification Svstem (Gibco-BRL, Gaithersburs, MD) contain- 

A A A a/ ^ J \S J ' 

ing random hexamers (50 ng/uL), diethyl-pyrocarbonate (DEPC)-treated H 2 0, 
10 mM dNTP mix, 0.1 M dithiothreitol (DTT) {see Note 5), 10X PCR buffer 
(200 mM Tris-HCl [pH 8.4], 500 mM KC1), 25 mM MgCl 2 , Superscript II RT 
enzyme (200 U/uL), RNAse H (2 U/uL), and control RNA. 
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Primer Sequences 



Primer 



Sequence 



PCR product 
size (bp) 



TRAIL 
TRAIL 
TRAIL 
TRAIL 
TRAIL 
TRAIL 
TRAIL 
TRAIL 
TRAIL 



sense 
antisense 
Rl sense 
Rl antisense 
-R2 sense 
-R2 antisense 
R3 sense 
R3 antisense 
-R4 sense 



TD ATT D A *->+i ^^.-^.^^ 

i jv/^ij^-rv^t aiiusciisc 

Caspase-8 sense 
Cas^ase-8 antisense 
cFLIP sense 
cFLIP antisense 
GAPDH sense 
GAPDH antisense 



GACCCCAATGACGAAGAGAG 299 
CTCAGGAATGAATGCCCACT 

CTGAGCAACGCAGACTCGCTGTCCAC 506 
TCCAAGGACACGGCAGAGCCTGTGCCAT 
GCCTCATGGACAATGAGATAAAGGTGGCT 502 
CCAAATCTCAAAGTACGCACAAACGG 

GAAGAATTTGGTGCC A ATGCC ACTG 6 1 2 
CTCTTGGACTTGGCTGGGAGATGTG 

CTTTTCCGGCGGCGTTCATGTCCTTC 453 

AGAGAGAAGCAGCAGCCTTG 302 

GGGGCTTGATCTCAAAATGA 

TGATGGCAGAGATTGGTGAG 255 

CTTGTCCCTGCTCCTTGAAC 

C ATC A AG A AGGTGGTG AAGC 1 60 

GAGCTTGACAAAGTGGTCGT 



3. AmpliTaq Gold™ 5 U/u_L with GeneAmp 10X PCR-Buffer II (100 rnM Tris-HCl 
[pH 8.3], 500 mM KC1) and 25 mM MgCl 2 (Perkin-Elmer, Applied Biosystems, 
Foster City, CA). 

4. Mineral oil (Sigma, St. Louis, MO). 

5 . Eppendorf microcentrifuge . 

6. 37°C, 42°C, and 70°C water baths or heat blocks. 

7. Eppendorf tubes, 0.5 or 1 mL, and PCR tubes, 0.2 mL; autoclaved. 

8. Aerosol-resistant barrier pipet tips. 

9. Pipets. 



[MJ Research Inc,Waltham, MA]). 

2. 1.3. Gel Electrophoresis and Southern Analysis 

1. 5X Tris-borate electrophoresis buffer (TBE): 54 g Tris base, 27.5 g boric acid, 
and 20 mL of 0.5 M ethvlenediaminetetraacetic acid CEDTA). Made ud to 1 L 
and autoclave. Store at room temperature. 

2. 6X Loading dye: 0.25% xylene cyanol, 0.25% bromophenol blue, and 30% 
glycerol. 

3. Chloroform. 
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4. H-uyc ruiyauiyiamiue/uis-auiyiciiiiiue iy. i (oiu-ruiu, neiuuies, v^/\; (see nuu; u). 

5. Tetramethylethylenediamine (TEMED, Bio-Rad). 

^ Ammnrmim nprcnlfVitp f9^%^ f^iamn Sit T nnic lVTO^ 

7. Biotinylated molecular- weight marker (|)X174/Hind I fragments (Gibco-BRL, 
Gaithersburg, MD). 

8. Mini Protean II or III electrophoresis cell with 0.75-mm spacers and 15-well 
combs (Bio-Rad). 

9. Mini Trans-Blot Transfer Cell (Bio-Rad). 

10. Nylon membrane N+ (Amersham Corp., Arlington Heights, IL). 

11. Long- wavelength ultraviolet (UV) light source (360 nm). 

12. Power supply. 

13. Southern Light Detection Kit (Tropix, Bedford, MA). 

1 A Ar\C7l- 0^,j;„~, r\r\At*r-*A ^^£^4-^ /OT^ON 

It. lkj/v ouuiuin uuuc^i sunaic ^jl^o;. 

15. 1 OX MBS (20.9 g MOPS, 88 g NaCl, 5 mL of 10 M NaOH, deionized H 2 
to 1000 mL). 

16. Blocking buffer (0.6 g I-Block Reagent from Southern Light Detection Kit, 
30 mL of 10X MBS, 15 mL of 10% SDS, deionized H 2 to 300 mL) (see 
Note 7). 

17. Wash buffer (50 mL of 10X MBS, 25 mL of 10% SDS, deionized H 2 to 
500 mL). 

18. X-omat AR Film (Kodak) and suitable film cassette. 

2.2. Western Blot 



A /~\ j*+. s*i -m r I ■ ' + T T j"-*-* f T T -"* /"^ ' 



1. Nomdet F-4U lysis butter: 1% JNF4U, zu mM Ins-MCl (pH ».u), 13/ mm iNaui, 

A f UP' T-y rn* 1 f\rrf 1 1 i * * 1 1 > 1 1 IP in • 1 A 11 PI 

u.j mM mji/\, 10% glycerol, i m/W pnenyimemyisunonyi nuoriae. /\aa iresn 
before use: 0.15 U/mL aprotinin, 20 \jlM leupeptin, and 1 mM sodium vanadate. 



"R-rdrl-frvrrl tv=» arrant ^Rir»_T?aH T-TpTVlllpQ f A ^ 



3. Tissue culture dishes, 10 cm. 

4. Mini Protean II or III electronhoresis cell with 1.0-mm snacers and 10- well 
combs (Bio-Rad). 

5. Mini Trans-Blot Transfer Cell (Bio-Rad) and Power supply. 

6. Nitrocellulose membrane Hybond ECL (Amersham Corp., Arlington Heights, IL). 

7. ECL Western blotting analysis system (Amersham). 

8. Primary antibodies according to Table 6. 

9. 5% Bovine serum albumin (BSA) in phosphate-buffered saline (PBS). 
iu. wasn ouiier: rt^s containing 0.05% iween-zu. 



2.3. Flow-Cytometric Analysis 



1 O «,il/fCr\TA :* TTDO 
1. Z llliKZ JJ,J_y 1^-V 111 JTJJO. 



2. FCM buffer (PBS containing 5% fetal calf serum [FCS]). 

3. PBS. 

4. MAbs according to Table 7. 
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Z.h. ruuuuuiiai /+iicuyz>iz>. Ms>s>cs>s>incnl Gi iscu v lauimy 

After TRAIL Treatment Using MTT Assay 

1. TRAIL apoptosis kit (Upstate Biotechnology, Lake Placid, NY), containing 
10 [xg TRAIL and 150 \xg mouse monoclonal IgG-potentiator). Alternatively, 
IgG potentiator, rhsTRAIL Set (Alexis Corp., cat. no. 850-018) or His-TRAIL 
(Alexis Corp., cat. no. 201-073). 

Z. 7U- wen iitu-uunuiii tissue euuuic pieties. 

3. Appropriate cell culture media. 

4. Reagent reservoirs. 

5. Multichannel pipet. 

6. MTT (Sigma, St. Louis, MO). 

7. 1 Af HC1 (see Note 8) and isopropanol. 

8. Microplate reader with 570-nm filter. 

3. Methods 

3. 7. RNA Extraction 

Successful cDNA synthesis and subsequent PCR begins with the isolation 

vji iiigii-v^uaiitj iiilcivl IVLN/\ ^jcc i^uit " j. aiiu v^uantj vji liil xvi>r-v uiciaita tii^ 

maximum amount of sequence information that can be converted into cDNA. 

Ba/TiiiciQ DM A 10 ^a«-»o-il\7 r\ artw~ir\ar\ av tram £i ^nra on/Miln l-\£i tol^^i-fi umati nnr»/i nnrv 

uttauai/ ivi^in id ^aoiij ut-giau^u, v^yu.^iiiv^ ^cuv^ on^uiu. uv^ tcuvv^n vviiv^n iiaiiu-iing, 

samples (see Note 1). Historically, we have used standard methods of phenol 

ovtro^tiAii o-r»r1 atnonnl nrAoimtntirvn fr\r larrrar oo-mi*\l£*o mot mua tVio nnrart 

V^^YULCl^UlWll tllHJ- V^LlldllWl L/A V^^l L/A CdLA^Al 1W1 IdlilV^l Odlll l-/A\^CJ LAAdL glVV L11U L/UIUlJI 

1?\IA f J/il Urwiz^iT^-r th(=kC(=k mAtnnnc orp timA_pr»nciiminrt nc<=k trtvir* orvAntc otirl 

1V1 11 1 y-T\JJ. IIUYYVYV/I, HAV^OV-- AAAV^*-AAW\J.O Wl^ U111V V^ V^AAlJ WAAAAAAg, , UJV ».V^yi.AV/ t*Ci\^AA».0 , CtAAVA 



may not give good recovery for small samples. The method of choice in our 

1 ah 1c t\\(± iioa rvf t\\c± niorvpn T?M(=kQC\? T^it ^Oiarrpm VqIah^iq f" 1 A ^ tr\ avtrapt tr\1~a1 

AlALy AlJ U1V U.L)V^ VI L11W yiUCVll 1M1VUJJ J-"*-Al. \ V^ACACiV-'AA, Y UlVllVlUj X—'A 1/ l-V^ l/AUUVl IUI.U1 

RNA from tumor tissue or cell lines. As this method is exactly as outlined 

in thf* inci~riir«i~inTi r»amr*h1f i t that nrrnmnnnipc th<=» Vit it will Tint bp H^cr'rih^rl 

in detail here. 



3.2. RT-PCR 



o.^. / . \^ui 111 uio 



Each RT-PCR includes RNA extractions from several tumors/cell lines. 
Appropriate controls are as follows: 

1. A negative RNA control. This is a tube that had no cells added prior to the 

eA.iiavu.uii. ia ia uavu. iu tiiauit uiai an ui uit ivi>i.r\. tAiia^uun auiuuuiis aiv nw 

of contaminating nucleic acids. 

2. A no RT control. It is used to ensure that no contaminating genomic DNA is 
present in the RNA sample used. 
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Composition of RT Reaction Mixes 



Reagents Amount per reaction Final concentration 



150 ng 
IX 
2.5 mM 
0.5 mM 
10 mM 
200 U 



RNA 


1 i ■ rv 


Random hexamers 


3 flL 


10X PCR buffer 


2 uL 
i 


MgCl 2 (25 mM stock) 


2 [iL 


dNTPs (10 mM stock) 


1 uL 


DTT (0.1 M stock) 


2 [iL 


Superscript reverse transcriptase 


1 ^iL 


DEPC-treated water 


up to 20 fxL 



3. A H 2 control. It is used to ensure that there is no cross-contamination between 
tubes. 

4. A positive RNA control. RT-PCR of these tissue RNAs should be positive for 
the indicated genes. 

TRAIL: spleen, lung, prostate, thymus, placenta; 

T^TP A Ti T? 1 * li-wtar- f VnrrTnii o or-il atari pmoll mtaotma narmnarol r\l<~\i~»/-l 1 aiil^i~M-*wr£aci 
HVnilj-lVl, ±_LV\^i, U1J111UO, OJ^l^V^ll, Oiliti±± llllVOUllV, j J »\^±±j J M±V^iW.± L/±WWVA ivujvwvj iv^o 

(PBL); 

TRAIL-R2: ovarv. snleen. small intestine. PBL; 

TRAIL-R3: PBL, spleen, placenta, pancreas, skeletal muscle; 

TRAIL-R4: testis, colon, PBL; 

Caspase8: PBL, thymus, spleen; 

cFLIP: T- lymphocytes, heart; 

If no PCR product is present in these controls, it indicates that the reagent used, 

often an oligo, was not good and renders all other results uninterpretable. 

19 9 RT Raartinn 

\J m^m^ m 111 I K/Ctl/l/L/i I 

Reverse transcription (RT) of 1 \ig total RNA is done in a 20 \iL total 
volume according to the manufacturer's instructions (see composition of RT 
mixes in Table 2): 

1. Mix and briefly centrifuge each component before use, keep RNA on ice, and 
wear gloves all the time. 

2. Prepare RN A/random hexamers mixtures in sterile 0.5-mL tubes : 1 fxg RNA + 3 \xL 
random hexamers + DEPC-H 2 to 12 ^iL (see Note 10). 

3. Denature each sample at 70°C for 10 min and incubate on ice for at least 1 min. 

4. Prepare a master mix of the following reaction mixture, adding each component 
in the indicated order: 

10V PPT? Vmffpr- 9 11T r»pr rpnrtinn 25 rnA/T MofH- 9 nT npr rprWinn 

10 mM dNTP mix: 1 fiL per reaction, and 0.1 M DTT: 2 [iL per reaction 

You need to prepare the master mix for your number of samples + three additional 

reactions. 
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Table 3 

Composition of PCR Reaction Mixes 

Reagent Amount per reaction Final concentration 

DEPC-H 2 2.3 \xL 

10X PCR buffer l.OfJiL IX 

MgCl 2 (25 mM stock) 0.8 \iL 2.0 mM 

dNTPs (2,5 mM stock) 0.8 \xL 200 \iM 

G APD primer sense 1 .0 \iL 0.4 \xM 

GAPD primer antisense 1.0 \iL 0.4 \xM 

Target gene primer sense 1 .0 fiL 0.4 fiM 

Target gene primer antisense 1 .0 ^xL 0.4 \iM 

AmpliTaq Gold Polymerase 0.1 fiL 0.5 U 



5. Add 7 \xL of the prepared reaction mixture to each RN A/random hexamers 
mixture, mix gently, collect by brief centrifugation, and incubate at room 
temperature for 5 min, 

6. Add 1 [iL (200 U) of Superscript II RT to each tube, mix, and incubate at room 
temperature for 10 min. 

7. Transfer the tubes to 42° C and incubate for 50 min. 

8. Terminate the reactions at 70°C for 15 min. Chill on ice. 

9. Collect the samples by brief centrifugation. Add 1 u.L of RNase H to each tube 
and incubate for 20 min at 37 °C- 

3.2.3. PCR Reaction 

While the RNA is being reverse transcribed, the PCR oligo mixes can be set 
up. PCR is carried out in a final volume of 10 jiL containing 0.5 U Taq Gold 
Polymerase, 200 \iM dNTPs, 0.4 \iM of each primer, in a buffer consisting of 
50 mM KC1, 10 mM Tris-HCl (pH 83), 2,0 mM MgCl 2 and 1 \iL of the RT 
product (reverse transcribed total RNA), 

1. Keep all reagents and samples on ice. 

2. Make up a master mix for all reactions (n samples + 3) according to Table 3. 

3. Add 1 u.L of the cDNA (RT product) to be analyzed to each sample. 

4. Overlay every sample with 10 |xL mineral oil (see Note 11). 

5. Close cap and place in PCR cycler. 

6. Perform amplification on a PTC- 100 Programmable Thermal Controller (MJ 
Research Inc.) (see Note 12) and use the PCR program in Table 4. 

3,2 A. Gel Electrophoresis and Southern Analysis 

1 . Add 2 uL of 6X loading dye to each PCR sample. 

2. Add 50 u.L chloroform to each PCR sample (see Note 13). 
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Table 4 
PCR Program 








Denaturation 


Annealing 


Extension 


No. of cycles 


1. 95°C/12min 

2. 95°C / 30 s 
3. 


55°C / 30 s 


72°C/1.5min 

72°C / 5 min 


1 
20 

1 



Table 5 

Nondenaturing 6% Polyacrylamide Gel 
(Sufficient for Three Gels) 



Reagent 



Amount (3 gels) 



ddH 2 

5X f BE buffer 
40% Polyacrylamide/ 
bis-acrylamide 19: 1 
TEMED 
Ammonium persulfate 25% 



13 mL 
4mL 

3 mL 

15\iL 

200 fiL 



3. A blue bubble containing the PCR product has formed- Pipet the blue bubble 
completely into a new tube. 

4. Run up to 14 samples in parallel to a biotinylated molecular- weight marker 
(Gibco-BRL) on a nondenaturing 6% polyacrylamide gel (see Table 5) in IX 
TBE buffer at 75 V for approx 1.5 h (see Note 14). 

5. Southern-transfer DNA from the gel to a nylon membrane (Hybond N+, Amer- 
sham) in 0.25X TBE buffer at 30 V overnight (see Note 15). 

6. Immobilize DNA on the membrane by UV crosslinking (1.5 min). 

7. Detect biotin-labeled DNA according to the "Southern-Light-Protocol" (Tropix, 
Bedford, MA). Perform all steps at room temperature: 

• Wash blot 2X 5 min in blocking buffer (0.5 mL/cm 2 ). 

• Incubate for 10 min in blocking buffer (1 mL/ cm 2 ). 

• Dilute Avidx-AP conjugate (from kit) 1 : 5000 in blocking buffer (3 \iL/15 mL 
per membrane) and incubate blot for 20 min in this conjugate solution. 

• Wash IX 5 min in blocking buffer (0.5 mL/cm 2 ), wash 3X 5 min in wash 
buffer (1 mL/cm 2 ) and wash 1X5 min in IX assay buffer (0.5 mL/cm 2 , diluted 
from 10X assay buffer in the kit). 

• Drain blots by touching a corner on a paper towel and place in small tray 
(flat surface). 

• Pipet a thin layer of CSPD Ready-to-Use solution (3 mL per membrane) onto 
the blot and incubate for 5 min (see Note 16). 
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TRAIL 


•5 






TR-R1 


*• 






TR-R2 


-»*»y 






TR-R3 


Hg| 






TR-R4 


** 






GAPD 


• «**• 



12 3 4 5 

Fig. 1. Representative example of semiquantitative RT-PCR showing expression 
levels of TRAIL, TRAIL-R1, TRAIL-R2, TRAIL-R3, and TRAIL-R4 in neuroblastoma 
cell lines. 



• Drain excess CSPD solution and place blot in Southern Light Development 
Folders (alternatively: Saran-Wrap). Smooth out any bubbles, 

8. Develop after 30 min exposure to X-ray film (see Note 17), 

9. Quantification of RNA transcript expression can be performed by densitometric 
analysis on X-ray films using NIH 1.55 Image software (see Fig. 1). A modifica- 
tion of the GAPD primers (biotinylated:nonbiotinylated at a ratio of 1 :49) 
allows accurate quantification within the linear range of X-ray detection of both 
the target transcript and GAPD (45). 

3.3. Western Blot Analysis 

There is an enormous diversity of TRAIL and TRAIL-receptor antibodies 
available from different companies. However, many of these antibodies are 
unspecific. The antibodies indicated here have been thoroughly controlled. 
Specificity of the respective anti-TRAIL and anti-TRAIL-R MAbs was deter- 
mined by Western blot analysis of TRAIL and TRAIL-R1 to TRAIL-R4 in 
lysates prepared from cells transfected with expression vectors coding for the 
individual TRAIL receptors (data not shown). We use the following general 
protocol with the primary antibodies listed in Table 6. 
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Suitable Antibodies for Western Blot Analysis 









Cone. 


Size of 


Antigen 


Name of antibody 


Supplier 


(M-g/mL) 


protein 


Anti-TRAIL 


Clone HS501 


Alexis Corp., 
San Diego, CA 


1 


28 kD 


Anti-TRAIL-Rl (DR4) 


PSC-M39 


Alexis Corp., 
San Diego, CA 


1 


55 kD 


/\nil- 1 KA1L-KZ (UKJ/ 




Alexis Corp., 


1 


C C 1 T~v 

DD KU 


TRICK2/APO-2/KILLER) 




San Diego, CA 






Anti-TRAIL-R3 (DcRl) 


210-774-R100 


Alexis Corp., 
San Diego, CA 


1 


36 kD 


Anti-TRAIL-R4 (DcR2) 


PSC-2021 








Anti-Caspase-8 (FLICE, 


Clone C- 15 


UBI, Lake Placid, 


1 


55/53 kD 


IVlA^Jrl) 




N i 




IS KU 

(cleaved) 


Anti-FLTP Hons and shortl 


Clone NF6 


Alexis Corp., 
San Diego, CA 


1 


55 kD 
25 kD 

(cleaved) 



1. Grow cells almost confluent in a 10-cm tissue culture dish. 

2. Lyse cells rapidly in 800 [iL/dish of Nonidet P-40 lysis buffer. 

3. Measure protein content of each sample using Bradford reagent and normalize 
samples for total protein content. 

4. Separate samples (20 \xg protein or proteins eluted from beads after ligand- 
affinity immunoprecipitation) by electrophoresis on denaturing 4—12% NuPage 
Bis-Tris gradient gels (Novex, San Diego, CA) in MOPS buffer according 

tn ttiA marm-fcir>tiir£»r'e inetnir>tir»nc! cmH £»1 Ar>trr/h1r*t nrntpino frr»m the* ctaI tn a 

nitrocellulose membrane. 

5. Block nonspecific sites bv incubation of the membrane in 5% BS A/PBS for at 
least 2 h. Five percent blocking reagent (from ECL kit) in 0. 1 % Tween-20/PBS or 
5% nonfat dry milk (NFDM) in PBS/Tween (PBS containing 0.05% Tween-20) 
is also suitable blocking buffers. 

6. Immunostain for 1-2 h at room temperature (or overnight at 4°C) with the primary 
antibody at the appropriate dilution according to Table 6 {see Note 18). 

7. Wash the membrane with wash buffer 6X 5 min. 

8. Incubate the membrane in the appropriate horseradish peroxidase (HRPO)- 

uunj ugcucu isuiypc-spcuiiiu scuunucny cuiiiuuuy unuicu i . z,u,uuu 111 roo/ iwccn 

for 1 h at room temperature. 

Q Wnch thp mpTYihranp with wnch hn ff p.r 6X 5 TYiin 

^S • T T WU -M-A V-&A'**' AAA »*•_»_» A %^f A WAA^' T T A V A A * ¥ Wk^AA %^f V«A-A. '•^A V A V %^ A A AAA A * 

1 0. Detect immunocomplexes using the ECL chemiluminescence system (Amersham 
Corp., Arlington Heights, IL) according to the manufacturer's instructions. 
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iciuic / 

Suitable Antibodies for FCM Analysis 



Antigen 



Name of antibody 



Supplier 



Cone. 
(Hg/mL) 



TRAIL 



TRAIL Clone 2E5 



(DR4) 


noiui 


r TTi A TT TD O 
1 rVfVLLi-IYZ, 


ucom 


(DR5/TRICK2, APO-2/KILLER) 




TRAIL-R3 


HS301 


(DcRl) 




TRAIL-R4 


HS402 


(DcR2) 





Alexis Corp. 


10 


San Diego, CA 




Alexis Corp. 


10 


San Diego, CA 






1 A 
1VJ 


San Diego, CA 




Alexis Corp. 


10 


San Diego, CA 




Alexis Corp. 


10 


San Diego, CA 





3 A. Flow Cytometric Analysis 

1. Detach cells nonenzymatically with EDTA. 

2. After washing with PBS , incubate the cells with the MAbs against the four surface- 
expressed TRAIL receptors or a control mlgGl for 20 min in PBS containing 
5% FCS and 10 [ig/mL of the specific antibody (according to Table 7). 

3. Wash cells twice with 200 [iL PBS. 

4. Incubate cells for 20 min with biotinylated secondary goat anti-mouse IgG 
according to the manufacturer's instructions. 

S W/aeh qc V\£»-fr»t*£i ctrtr\ ir»r»nV\c»t*=» in th^» rvr£» e £» r» r» £» r»"F ctf £ii"\tci-\7ir1ir»_PlH fr\r 1f\ mir» 

•J • TT UJll UJ L/\^-L V/J- V U11U IIIVUI/UIV 111 UlV yj±. V/ kj V^l-lV^V/ \J±. JUVL/lUT 1U111 J. M—i i-\JL sL^yj ±±±xil 

(Pharmingen, Hamburg, Germany) according to the manufacturer's instructions. 
6. Wash again as in steD 3. resusnend cells in 200 uL of FACs buffer containing 
1 fxg/mL F-AAD (Amino- Actinomycin D) and analyze cells on a flow cytometer 
(see Note 19). 

3-5- Functional Analysis: Assessment of Cell Viability 
ATtet i hail treatment using mi i Assay 

1. Prepare stock solution of TRAIL: 10 [ig/mL in sterile H 2 + 0.1% BSA. Store 
aliquots of 100 fxL at -20°C. 

2. Seed 100 [xL tumor cells into 96-well plates at a density of 5 x 10 4 cells per well 
and culture them for 24 h at 5% C0 2 in their appropriate growth medium (i.e., 



,i,,j 



r»r>A/rT 1 /r Af\ J* i J.-J .,.'j.i_ a r\rrt r_j.„i i • , 

jvrivn lutu mcuium suppieiiieiiieu wiui lxjvc iciai uuvmc scium, L-giuiaiiuiic, 



penicillin, and streptomycin). 

^ Aft£»r OA Vi i^QT-i^fiilW cur-V r»"Pf mprliiim nnrl nrlrl ^H 11T nf r£»r , r»mV\irmnt_cr*1nV\1p' 

human TRAIL in medium to each well for a final concentration of 200 ng/mL 
medium (final volume is 100 uL). 
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4. For study of dose dependency, treat cells with increasing concentrations of 
TRAIL (i.e., 0, 3, 6, 12.5, 25, 50, 100, and 200 ng/mL). 

5 AHH ^0 nT nntpntintrvr tn pnr>ti wpII frvr n firml rritirpntrntinn nf 1 5 iict/tyiT 

6. Perform each condition in triplicate and use the following controls: 
Positive control 1: seeded tumor cells, no TRAIL, no potentiator; 
Positive control 2: seeded tumor cells, potentiator only, no TRAIL; 
Blanks: four wells with medium only, no cells. 

7. Incubate cell cultures at 37°C, 5% C0 2 , for the following treatment times: 4 h, 
8h, 12 h, 24 h, 48 h. 

8. Perform a colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay as described (47): 

• Aaa iu [XL 01 ivn i (5 mg/mL in r£>d) 10 eacn wen using a mumcnannei 






Incubate for 4 h at 37°C, 5% C02, in the dark. 

Add 150 "iL isopropanol + 2% HC1 (0.1N) to each well (see Note 18). 

Mix with pipet until MTT crystals dissolve (approx 5 min). 

Read in microplate reader at 570 nm. 

Use a multiwell scanner to measure the absorbance at 570 nm. 
9. Calculate percentage of survival compared to untreated control cells. Cell lines 
can be considered highly sensitive to TRAIL-induced cell death if there is <50% 
viability after 24 h of TRAIL treatment at a concentration of 200 ng/mL. 

3.5.1. Modifications 

3.5.1 .1 . Cycloheximide or Actinomycin D 

Inhibition of protein synthesis by cycloheximide (CHX) or actinomycin (Act D) 
has nreviouslv been shown to sensitize cancer cell lines to death-recentor- 
induced apoptosis (44,48-50). In this respect, the apoptosis-inhibitory effect 
of certain Bcl-2 familv members and Droteins like cFLIP mav be neutralized 
by prior treatment of the cells with protein synthesis inhibitors like CHX or 
Act D. This can, for example, be achieved bv comparing the effects on survival 
upon treatment of cells with TRAIL (e.g., 200 ng/mL) alone as compared 
to treatment of cells with TRAIL at the same conentrations in the presence 
of CHX (titrate around 1 pig/mL; Sigma) or Act D (titrate around 10 ng/mL; 
Sigma). As a control, the cells also need to be treated with CHX and Act D at 
the above-mentioned subtoxic concentration in the absence of TRAIL. 

3.5.1.2. Caspase Inhibitors 

The requirement of certain caspases for TRAIL-induced apoptosis signaling 
can be analyzed using specific caspase inhibitors. Analyze the effects of caspase 
inhibitors by measuring percentages of survival of TRAIL (200 ng/mL)- 
treated cells in the presence of certain caspase inhibitors. The pancaspase inhibi- 
tor carbobenzyloxy-Val-Ala-Asp (OMe) fluoromethyl ketone (zVAD-fmk) 
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(Enzyme Systems Products, Livermore, CA) or the specific caspase-8 inhibi- 
tor Z-IETD-FMK and the caspase-9 inhibitor Z-LEHD-FMK (Calbiochem, 
oan i^icgo, ^/\) arc uissuivcu in uimcuiyi suiioaiuc (i^iviov^) anu uscu at 
a final concentration of 50 \iM in culture medium. However, specificity 
can omy oe shown when tnese inhibitors are aiso useu at concentration or 
10 jxMand 1 \iM. 



3.5.1 .3. Demethylation with 5' Aza-deoxycytidine 

Lack of caspase-8 expression because of hypermethylation of the gene 
promoter has been shown to correlate with resistance to TRAIL-induced 
apoptosis in certain tumor cells (42-44). Treatment of these cells with the 
demethylating agent 5-aza-2'-deoxycytidine could restore TRAIL sensitivity. 
To analyze the role of gene hypermethylation for TRAIL resistance, cells 
should be treated prior to functional TRAIL assays with 5-aza-2'-deoxycytidine 
at a concentration of 0. 1-10 \iM for 4-7 d with the medium and drug renewed 
twice weekly. 

Q /? Anctli/Gic o/ Gfi^s/if/i/i Anf\nfr\cie 

In addition to the MTT assay, which provides only information about the 
number of living cells, apoptotic cell death has to be confirmed by at least two 
different apoptosis-specific assays. We suggest the use of one of the following 
methods. All the methodologies listed can be applied using commercially 
available kits from several companies. As all technical details are provided 
there, we just describe the basic principles of each method. 

3.6.1. Subdiploid DNA Content Analysis 

Flow cytometry on the basis of cell DNA content provides quantitative data 
on the percentage of apoptotic cells in a cell population. Because of their 
content of degraded DNA, apoptotic cells appear as a hypodiploid population 
that is eluted before the normal 2N cells in the Gl phase of the cell cycle and, 
therefore, has been named the "sub-Gl" region of the elution pattern (51). 

3.6.2. Annexin-V Binding 

The anticoagulant annexin-V binds to various phospholipid species with the 
highest affinity for phosphatidyl- serine (PS), which, in normal cells, is located 
in the inner leaflet of the plasma membrane. PS is translocated to the outer 
layer of the cell mebrane in the early phases of apoptosis, during which the 
cell membrane itsself remains intact. At this point, PS can be revealed by 
ligation with fluoresceine isothiocyanate (FITC)-labeled annexin-V and used to 
quantify apoptotic cells by flow cytometry or fluorescence microscopy. 
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To assess specific apoptosis, the extent of DNA fragmentation in TRAIL- 
treated cells can be quantitated (OD 405 nm) using the Cell Death Detection 
ELISA (Roche Molecular Biochemicals, Indianapolis, IN). The assay is based 
on a quantitative sandwich enzyme immunoassay principle, which detects 
histone-associated DNA fragments in the cytoplasmatic fraction of apoptotic 
cell ly sates. 

j.o.4. i u/vcl Assay 

The method of TdT-mediated dUTP nick-end labeling (TUNEL) is based on 
the specific binding of deoxynucleotidyl transferase (TdT) to the 3 'OH ends of 
DNA strand breaks. The enzyme catalyzes a template-independent addition of 
deoxyribonucleoside triphosphates to DNA. The exposure of nuclear DNA in 
histological sections to TdT after proteolytic treatment is used to incorporate 
biotinylated deoxy uridine at sites of DNA breaks. The signal is then amplified 
by avidin-peroxidase. We have used the Apoptosis Detection System (Promega, 
Madison, WI). 

3.6.5. Activation of Caspases 

A number of assay kits for fluorometric detection of a specific caspase activ- 
ity are available. The assays are designed to detect the shift in fluorescence emis- 
sion of the molecule 7-amino-4-trifluoromethyl coumarin (AFC) conjugated to a 
specific caspase substrate. Upon proteolytic cleavage of the substrate by the cas- 
pase to be analyzed, the free AFC emits a yellow-green fluorescence at 505 nm. 
Colorimetric assays are also available, but are less sensitive. 

4. Notes 

1 . Ideally, RNA should be extracted in an area dedicated solely for that purpose and 
away from areas used for cloning and DNA work. Gloves should be worn at all 
times, and work areas should be decontaminated with bleach. Sterile disposable 
plasticware should be used whenever possible. Because of the extreme sensitivity 
of the RT-PCR used here, it is necessary to take every precaution to reduce the 

• C V r^-P tomi^oti -C ~„~,~i~~ r>/~m ~ A + „U 1 A ~~+ U~ 1 U+ U„~1^ 

11SJS. Ul UlU55-UUlllClllllllcUlUll Ul 5CU11JJ1C5. ITV^JX JJIULIUUI M1UU1U 11UI UC UlUUglll Ucl^JS. 

i*r|-i"-k trio orao iirnara T?T^ T-)|^T3 10 00+ nr» Tna Ion onriiim noua Ha/Hi 1-^0+aH oraoo ¥r\r 
1111U Ul^ ti±\^U. VV11V1V J.VX-J. ^,-J.V ±0 OVI. Lip. 1UV HA.KJ OllKJ U.±*J 11UVV VJ.V^UiV'CH.^VJ. Cl±\^ClO J-Wi 

RNA exctraction, RT-PCR amplification, and postamplification analysis. 

2. All solutions, with the excention of Tris. should be treated with the RNase 
inhibitor diethylpyrocarbonate (DEPC). For DEPC-treated water, add 200 \xL of 
DEPC (Sigma) to 1 L of ddH 2 0. Shake well, then loosen the cap and incubate 
for 2-8 h at 37°C. Autoclave; then shake again to remove DEPC breakdown 
products. 
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3. Frequently, RNA preparations contain small amounts of genomic DNA that may 
be amplified along with the target cDNA. If possible, PCR primers should be 

r\c*Q\artc*r\ tr\ hrnrVpt r-PiNTA cpmipnppQ thnt r-rncc an intrnn-PYnn hminHfir\f in 

V)-VLf±WllVV^ ^V KJJ- MVJ.\.V t- >• J-— ' -k. 11 A U WV| Vl-WiJ. VWU VA-LWH- V^A V U U W-L-l 111U Vll vAV/11 *_• X^ *_* J. J. ^* Ct-L > 111 

genomic DNA. For our protocol, all PCR primers must be biotinylated at their 
5' ends. GAPD primers are used as internal control to detect GAPD transcripts, 
which are ubiquitously expressed at high levels, in order to check the quality 
of the RNA and to control for variations in RT, PCR, and product detection 
steps. Primers for TRAIL-R1, TRAIL-R2, TRAIL-R3, and TRAIL-R4 have been 
described previously and their specificity has been confirmed (49). 

4. Commercially synthesized primers are redissolved in sterile H 2 as stock 
solutions of 100 \\M. Primers used for PCR have to be diluted to 4 \\M. With the 



use or me primers aescnoea nere, u snouia noi oe necessary to opumize ri^n. 

^unuiuuiia. nuwtvti, wiui nit; use ui uiiititui piiinei a^Ljutiu^a, r ^^iv Conditions 

might have to be changed. Key factors for amplification by PCR appear to be pH 

of the buffer MaCI HNTP nrirnpr and Tan nnlvmprnsp rnnrpntratinn<j and a1«n 

the cycling parameters (especially the annealing temperature). 

5. Dithiothreitol is required for stabilization of some enzymes. 

6. Do not use polyacrylamide/bis-acrylamide 37.5: 1, as the gel will stick to the 
glass plate. Caution: Unpolymerized polyacrylamide is neurotoxic! 

7. Fresh blocking buffer should be prepared for each PCR detection. Otherwise, the 
buffer appears viscous after 3 d, and if used, the blots show a gray background. 

8. The HC1 used has to be of analytical grade to avoid precipitates in the wells. 

9. One key to successful RT-PCR is the quality of the starting RNA. Because RNA 
is easily degraded once it is in solution, RT-PCR is best performed on samples 

ICCCllllj ^Aiia^icu. j. ^iv jjiuuu^iij v^cin ui- ciuchj'ZjV^u eti uiivv, ivvsjji uli -r v^ kj vv^iiiigin 

or on -20 °C for a week. 

10. A first strand cDNA synthesis reaction may be primed using different methods. 
The most nonspecific of the primers, random hexamers, are typically used when 
a particular mRNA is difficult to copy in its entirety. With this method, all RNAs 
in a cell population are templates for cDNA synthesis, and the PCR primers 
confer the needed specificity during the PCR amplification reaction. A more 
specific priming method is to use oligo(dT) to hybridize to 3' poly (A) tails. 
The amount and complexity of cDNA is considerably less than when random 
hexamers are used. 

11. Samples have to be overlaid with sterile mineral oil (even when using new PCR 

cjcicis,/ uctausc ui uic sinaii vuiuinc ui iu \Xl^. uujciwisc, a iciigc pan ui uic 

ocrninl/3 \i7i11 \~\e* 1r»et V\\t \/prHiinctnnrv 

12. A hot start is often used to improve specificity by preventing priming and extension 
at low temneratures. Amnlitaa Gold gives good results. 

13. The chloroform is necessary to separate the PCR product from the mineral oil. 

14. When pipetting three gels in a row, you have to be fast, otherwise the gel 
polymerizes before you can place the comb. When loading the gel, you have to 
be careful not to contaminate neighboring wells with the sample. 
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u. ine gci is vciy miii tuiu yuu iiave iu uc uaieiui nui lu uiccus. it. we jjitiuc uic glass 
plate with the gel into the buffer, place Whatman paper under the swimming gel, 

r-nrpfiilW t:iVp it nut nf thp Hiiffpr c\rtr\ nlnr-p it nn thp nnrlc 

16. The CSPD solution must stay on the membrane for 5 min. To ensure an even 
and continuous spread on the membrane, the tray should be moved back and 
forth by hand once in a while. 

17. Signals should be of sufficient intensity to give a good autoradiograph following 
20-30 min of exposure, although longer exposure is sometimes required. When 
exposing the blot twice, the second exposure time is much shorter, as the 
maximum light emission occurs around 20 min after use of CSPD. 

18. The appropriate dilution might vary in different experiments. The optimal 
dilution should be determined for each application. 

iy. op^^incn^ in r/\^o aiaiiiing ui mt itajjtwuvt anil- 1 JVrvLLi ama aim- 1 ivniij-i\ 

MAbs was determined by staining of TRAIL-R1 to TRAIL-R4 and TRAIL on 
CV1/EBNA cells transfected with pCDNA3.1 -based expression vectors coding 
for the individual surface-bound TRAIL receptors or TRAIL itself. 
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Angiogenic Cytokines 

Quantitative and Functional Analysis 
Angelika Eggert and John H. Maris 

1. Introduction 
1.1. Background 

Following the recognition that angiogenesis is essential for tumor growth 
and metastasis formation (7,2), evidence has accumulated that angiogenesis is 
a component of many pathologies. Numerous angiogenic factors that regulate 
this complex process alone or in synergy have been identified. Vascular 
endothelial growth factor (VEGF) (3), basic fibroblast growth factor (bFGF) 
(4), transforming growth factor-ct (TGF-cc) ? platelet-derived growth factor 
(PDGF), and angiopoietin- 1 and -2 (Ang-1 and Ang-2) have been shown to 
induce angiogenesis in a variety of experimental models (5-7). VEGF is an 
important angiogenic agent and endothelial specific mitogen, which has been 
implicated in the neovascularization of a wide variety of tumors (9). VEGF 
acts via a paracrine mechanism mainly through two specific receptors on the 
surface of endothelial cells: Fit 1 and KDR (10,11), Although encoded by 
a single gene, VEGF has several isoforms generated by alternative splicing 
(12,13). Of these, the main isoforms VEGF 121 and VEGF 165 are secreted soluble 
glycoproteins, whereas VEGF 189 and VEGF 206 remain bound to heparan sulfate 
proteoglycans at the cell surface (14). The importance of VEGF as a potential 
target for antineoplastic therapy has been demonstrated in several studies in 
which neutralizing antibodies to VEGF or VEGF receptors inhibited tumor 
growth and vascularization in vivo (15,16). 
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vnur-13 anu vcur-L are two recently uiscovereu meiiiDers 01 the vnur 
family (17-19), that are expressed in many tissues and have mitogenic and/or 

i * * 111*1 "ii*i** ii i * i 

chemotactic actions on endothelial cens, indicating that they may aiso contrib- 
ute to the induction or maintenance of angiogenesis. VEGF-C was discovered 
as uie nganu iui uic uinu iiicinuei ui uic v jz,vjr icccjjlui laiiniy (rlt-4 ui 
VEGFR-3), which is expressed mainly on lymphatic endothelium of adult tis- 
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of human tumors (21) and VEGF-C has been shown to be lymphangiogenic 

111 V1VU \AAJ. 

Ang-1, the ligand for TIE2, a receptorlike tyrosine kinase expressed almost 

LACiuaivLij in uiiv-HJtu^iiai ^v^na, ai^^ina \,\j ut impvji taut lu iiiaiiitain vtasti 
mti^giity uy iiiv^u-iating, iiitv^iavtujus uv^tvvi^v^n tuv^ v^mj.^tii^iiuiii anu tuv^ au-injuiiu.- 

ing matrix (23). It stabilizes the structure of newly formed vessels and has 

a latv^i iv^riv^ in tuv^ piun/oo ui iiv^u v ao^uiaiiiauun tucin tijvji. no iicittiiciny 

occurring antagonist Ang-2 binds with similar affinity to TIE2, but it does not 

Qr*ti\rotA tn<=k rAPAntnr l/A\ Tnninitirin r\x A n rr_ 1 Vwr A nrr_0 noc Ki=k(=i-n cnrrrrAcfArl 

to drive angiogenesis in the presence of angiogenic inducers like VEGF by 

1 rvncATunrv r»r\ntor»tc K^tin/^pm i=mr1r\i~i'i<^iici 1 onrl r\PkT"i<=mrlr\thpkiici1 r»pki1e thiic -r(±r\A(±Y- 
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ing endothelial cells accessible to angiogenic inducers (25). Basic FGF is a 

mitocr^nir' nnmriCTfrMr' nnrl n«=»iirr\trr\nViir« fcir'trir AYnrpccprl V\\/ mnn\/ tnmnr r'P'llc 

lllltVfcVlllVj MllfclVtVlllVj W,AAVi 11V HI V U V l/lll V 114VVV1 Vilk/lVJOVU '-'J' AiA*-tAAV lUlllv/1 W-LAU 

(8,26). PDGF consists of two related polypeptides (A- and B-chain) (27,28). 
Tt oi"'tT'Ti^' 1v was discovered t^ be involved in the regulation of cell miarntion 

XW V A J. W A HVtlX T TT VtU V,*- J. kJ 'W V T ^'A "^ \*+ VVv' *_T ^ J. A J. T V^ J- T '^^ X^»- AAA VAA'W^ A 'W W, WV A V-* V A ^^ A A V-» A. ^ ^ A A AA AA W A Vi VA V A A 

5wnc\ nrnlif^ratinn V»nt it hac mnrp rfrfntlv been found to nnQCF^Q ^n nncrinapnir' 
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capability both in vitro and in vivo (6). TGF-a has been shown to induce VEGF 

PYnrpssinn (2Q\ and also has an ancrinapnir rnlp in vivn ($ 10) 

As inhibition of angiogenesis might be an attractive therapeutic strategy 
for manv human tumors, the expression and function of cytokines stimulating 
angiogenesis deserves further investigation in a wide range of human malignan- 
cies. Establishing "angiogenic profiles" might increase our understanding 
of angiogenesis-associated diseases and permit the design of individual 
antiangiogenic theranies. but it mav also nrovide parameters for diagnosis, 
prognosis and monitoring response to therapies. 

7.2. Methods 

A wide variety of angiogenesis assays have been established in the past 
5-10 vr. Manv sophisticated in vivo models are relativelv expensive and 

*f *f J_ •'a 

demand high levels of surgical skills. In this chapter, relatively straightforward, 
inexpensive protocols to assess the "angiogenic profile" of a disease will 
be introduced and briefly discussed. For more advanced in vitro and in vivo 
protocols, the readers are referred to Angiogenesis Protocols, edited by 
J. C. Murray. 
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memous lor analyzing angiogenic cytoKines anu angiogenesis m a certain 
cell type can be classified as quantitative or functional. Each approach has 
advantages and limitations. The most appropriate method depends on the cell 
population in question. In our experience, reverse transcription-polymerase 
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analyses are the most useful assays for the quantitative analysis of angiogenic 
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of mixed-cell populations (i.e., tumor tissue), immunohistochemistry may be 
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a inuic; autquait; in^uiuu, uttausc um^ic;iiLiai ^Apis^ssiun uy auupupuiauuiia 

of cells can be determined. Simple functional assays include endothelial cell 

pujinui ativjn anu. iingiatujn aaaayd lu aaataa Llie angnjguiin_- jjvjw_>nu.ai 111 vmu aa 

ttt__11 i-ic o m n 1-1 n __ 1\ /I «-» ^--i~-i ^ __ 1 n\ u /^r «-»nn«-ixr +/-» rl_»fat"tvii«_i +Vi __ ntnrmnt r»r ntimr\rtan_no 

VV v_-n aa a iiiu.ij.iiv-' iviatiigv_<i piug, aaaciy tv_/ u.v-'tv^iiiiinv-' tiiv_- alllUUllL v^i aiign-Jg.v-'iiv-'Sia 

in vivo. 

1.2.1. Quantitative Anaiysis 

1 .2=1 =1 . Semiquantitative RT-PCR 

Measurement of angiogenic ligand and receptor mRNA expression levels 
is a semiquantitative approach to analyze neovascularization. RT-PCR is a 
sensitive analytical method and is a suitable approach for the analysis of mRNA 
expression in cell lines. Because of the extreme sensitivity of PCR, there is 
a risk in PCR-based measurements of tumor tissue that the mRNA detected 
may derive from a minor contaminating cell population like lymphocytes or 
fibroblasts or surrounding vessels. 

1.2.1.2. Determination of VEGF and bFGF Protein Levels 
in Conditioned Medium: Western Blot Analysis and ELISA 

Prr\t(=kir. 1p-\7^1o r\-f QnrviAfrpnir» r»\ftr.Vir.p-e in tli<^ r»r.nr1itir\r.pkrl tnprliiim (f^^/W 

__ 1V/IV111 IV Y VIO Ul UlltlVtUlllV/ V»<\ IV/lVlllVO 111 \.±±\s VV/llWll-lWllV-l HlVUlUlll \ VlTll 

of cell lines can be determined by Western blot analysis or a specific ELISA 

qccqu Tn r\nr PYnpripn^f AA/i^ctf^-rr. Klrvt Qr»Ql\^cic r>Qn K*^ rhffir'iilt hprnncp r\"f q 

l*LJl_lH,y. Ill VUl VAUV11V11VV/) TT VLItVlll L/lV/l U11U1 V J1J V^l*-.-. 1_/V^ UllllVUll UWUUJV \_»1 CI 

high salt concentration in concentrated CM. Dialysis may be necessary before 

cnrliiim r\nr\f*r , \A cnlf^tP 1 — _nr»1\^Qr'r\^lQmirlf i opI P'lpT'tmnTinrpcic fSDS— -PAr^Tn^ A 

better alternative are Quantikine Immunoassays (R&D Systems), solid-phase 

mTS As designed to measure levels of mnoinopinir r-vtnVinpc in rpll niltiirp 
-J--L>__^_C. _fc.U VI-VU14>11V\^ WV HlVVtUVUV J_^ f "^ -L _J V-' -■- MAJL W JL V/ W V-Li-l V ^ T VVT-L1.1.J.1 VU -LJLJL ^ 'WJ---L VVtlVVI-lVI 

Qpriim nnH nl^Qmn Snecific ELISAs for accurate Quantification are available 
for VEGF, bFGF, PDGF-A and -B, and TGF-p. 

1 .2.1 .3. Microvessel Count and Angiogenic Cytokine Expression 
in Tumor Tissue 

For the measurement of angiogenesis in tissue sections most studies have 
employed a method based on the one developed by Weidner et al. (31), in 
which blood vessels are immunohistochemically highlighted and the number 
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of rnicrovessels is quantified in the most vascular areas (so-called "hot spots") 
of the tumor. Because endothelium is highly heterogeneous, the choice of 
antibody profoundly influences the number of rnicrovessels available for 
assessment. Many antibodies suffer from low specificity and their antigens may 
be present on many nonendothelial elements. Antibodies to f actor- VHI-related 
antigen identify only a proportion of capillaries and also detect lymphatic 

ciiuuliiciiuiii. nic iiiuat spewing anu sciimlivc; nuiiicui Qiiuuuicnai iiicujvci uui- 

rently available is CD31, which is present on most capillaries and is a reliable 

^piiupc; iui iiiiiii uiiudLaiiiing, in iuuliii^i^ naiiuic;u luiiiiaini-iiA^u paiaiiin- 

embedded tissues (32). A good alternative antigen in human tissues is CD34, 

aiLiivjugii una anng^n ia aiaw wvjjiuaav^u. uy avjinv^ atujniai v^una \*j*jj. ah annual 

11HJU.V^1l3, IHJVV^VV^I, tllV^ ll^VVlJ lUllll^U LU111VJ1 U1UUU V^d^^U UHIV^/ 1HJ111 Ull^ 

host animal even when the engrafted tumor cells are human. In this setting, 

ontinnrli clc* r-o-ioa/"! orroinct numon Ckn/\ r^fr\al-i ol <2kr\-i l~/"vt-\<2io nrck /iifri /'Mil t" <~/"v nca Dof ot-i/~I 
UllUUUUl^O ACllOV^ta ClgCU.HO I. 1HJ1A1C111 V-/11VH^U-1V,/1.J.CU. UJJ11UJJUO ClA^ \JJA1H^IAXI- IU Ul)^, -LVClt ClllU 

mouse endothelial cells express on their surface a-D-galactosyl residues that can 

K(=i H(=kt<=kr»t(=kH \~i\t 1<=ir»tin nictnnnAmictrif iizitn mA 1<=kr»tm RonnpirQAO Qimnlir>iTr\liQ 

L/\^ VJ-V^I.V^V^I.V-'VA L/V i\^V^».A±± lllO I. W11V1111 J U J Willi »-AAV^ H/VU11 JJU11UV11UVU UllllUllUlVllU 

agglutinin (BSI) (34). In addition to immunostaining of rnicrovessels with 

f^T^^ 1 r\r TiQT 1pkr» tin a rvrr\trvr»r\1 frvr immnr»r\nictr\r»n(=kmir»ci1 qtiq1\?cic rvf X/^Th^Ih onrl 

X_' J L-'^/ 1 V^A J_/^JA 1 W Llll^ Ct U1UI.VW1 X \J± 1111111U11V111 J IUV11V1111V/U1 UllUlV L)U VI T UVJ1 U11U 

bFGF protein expression in paraffin-embedded tissue will be described. 

1.2.2. Functional Analysis 

Tr» qccpcc thp rmfpntiQl nf PYnrpccpH fmoinopnif 1 r , \^tr»Vinp i c tn ctimnl^te 
anoinopnpciQ in vitro 5\r\c\ in vivo a fimr-tionnl finnlvQiQ ic rfrmirprl 

ClXJ-fkl V-* tVllVLJl LJ -L±±. T J. VI V^r M±i.Vf 111 T J. f KJ * Vt 1 VI-J.J.V VI V11M1 VtllMX T LjlLJ 1U 1 ^ Vl V-H-i- W X^P- • 

1 .2.2.1 . In Vitro: Endothelial Cell Proliferation and Migration 

Endothelial cell (EC) proliferation and migration are important steps in 
the nrocess of an^iogenesis. Activated ECs migrate through their basement 
membrane into the surrounding tissue stroma, where they form solid sprouts. 
The newlv formed snrouts move toward the source of angiogenic stimulus by 
a combination of cell migration and cell proliferation. The effect of soluble 
angiogenic stimulators (or conditioned media obtained from cell lines Droduc- 
ing angiogenic factors) on EC proliferation and migration is measured in 
dose-response curves, which serve as an initial screening method to define 
the angiogenic potential of the material to be analvzed. Considering the well- 
documented heterogeneity of ECs, it is clear that the effects of different 
angiogenic stimulators or inhibitors can only be compared using the same EC 
target population (i.e., human umbilical vein endothelial cells [HUVEC]). 

1 .2.2.2. iN Vivo: Matrigel Assay 

A relatively simple and rapid in vivo method to determine the angiogenic 
potential of compounds or conditioned media is desirable to augment in vitro 
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findings. One such quantitative method is the murine Matrigel plug assay 
(35). Matrigel, an extract of the Engl ebreth-Holm-S warm tumor composed 
of basement membrane components, is liquid at 4°C and forms a gel at 37°C. 
Matrigel is injected subcutaneously into the ventral region of mice, either 
aione or mixeu with potential angiogenic compounus (or angiogenic-iactor- 
producing tumor cells). It solidifies forming a "Matrigel plug," and when 



4"fc -*-^i f^*"* J^» J™*7 S*±-**l -< J^h 



aiigiugciiiu ict^Luia aic uuiitaiiicu, enaouieiiai cens migrate into cne piug ana 
form vessels. The level of angiogenesis can be viewed by embedding and 
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a^cLiuiiiiig uic; piuga in paiaiini anu aiainiiig using, iviaaaun a xii^iiiunic;, wni^ii 

stains the Matrigel blue and the endothelial cells/vessels red (not described 

nv^i^y. rv aiiiipi^i aim laaiw aiLv^i native 13 lvj measure ii^iinjgivjuin iv^vuiS ill 
tuv^ piuga vvitu tuv^ i^iaujvin ai3^aj ^vjigmay. XxClllUglUUlll ii^a^ta vvitu .Lyiauiviii a 

reagent which contains potassium ferricyanide, potassium cyanide, and sodium 

rvi(inrnr\nnta l\/li~voi" frvrmo /~vt r»i2iim i"vrrl r*Ki -n ora ^nmrarfa/i mtn *-*-» afri <zirT-»i~v rrl i"vl-\-i -n 



by the action of ferricyanide. The methemoglobin then reacts with cyanide to 

"fYvrm r>i7onmAtnpmf\frlf\nin Tna ol^crvrho-nr*^ nf true Ac±r 

1W1111 V V UlllllVUlVlllVglVUlll. X AAV^ UUOV1UU11W VI U11J IJ-V-'X 

proportional to the hemoglobin content in the sample. 
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2. Materials 

2. 7. Semiquantitative RT-PCR 

Reagents and protocols for semiquantitative RT-PCR have been described 
in detail in Chapter 8. The same RT-PCR protocol can be used for detecting 
mRNA expression of angiogenic stimulators. The specific primer sequences 
are listed in Table 1. See Note 1. 

2.2. ELISA 

1. Quantikine® Immunoassay (i.e., VEGF or bFGF; R&D Systems, Minnea- 
polis, MN). 

2. Microplate reader capable of measuring absorbance at 450 nm, with the correc- 
tion wavelength set at 540 nm or 570 nm. 

3. Pipets, 50 uL-200 uL for the assay; 1 mL, 5 mL, 10 mL, and 25 mL for reagent 
preparation. 

"4. iviuiLi^iianii^i pip^i ui auiuinai^u ini^iupiai^ waanci. 

S 1 mm v H ^-mm T^rA-imtTirwAfz-nf* t^ct tnhpc 
*j • x i— ■ 111111 ^* / ^/ 111111 x V/J.V iyj. vu V j.v±±v/ i-v>iji- n^Lyv^Lj. 

2.3. Endothelial Proliferation Assay 

1. Human umbilical vein endothelial cells (HUVEC, Clonetics Corporation, 
Walkersfield, MD). (See Note 2.) 

2. HUVEC growth medium: EBM and EGM (Clonetics Corporation) (see Note 3). 

3. 24- Well flat-bottom tissue culture plates. 

4. 1% Fetal bovine serum (FBS). 
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TaUU h 

iciuic 



Primer Sequences (see Note 1) 



Primer 



Sequence 



PCR product 
size (bp) 



VEGF sense 

VEGF anti sense 
VEGF-B sense 
VEGF-B antisense 
VEGF-C sense 
VEGF-C antisense 
Angiopoietin-1 sense 
Angiopoietin-1 antisense 



.-v*^ i"i <-v 



j^ii^iupuicuii-z, sense 

Angiopoietin-2 antisense 
bFGF sense 
bFGF antisense 
TGF-a sense 
TGF-a antisense 
PDGF-A sense 
PDGF-A antisense 
GAPDH sense 
GAPDH antisense 



AGGCCAGCACATAGGAGAGA 

ACCGCCTCGGCTTGTCACAT 

GACAGTGCTGTGAAGCCA 

TAGCCTCTGAGGCAAG 

GAAAGGAGGCTGGCAACATA 

ACGGACACACATGGAGGTTT 

AGGAGCAAGTTTTGCGAGAG 

CTGCAGAGCGTTTGTGTTGT 



r^r^ a r* a a 



\Tnnr* atpta r^ a r*n 



CCCAGCCAATATTCTCCTGA 

GTGTGTGCTAACCGTTACCT 

GCTCTTAGCACAGACATTGGAAG 

CGCCCTGTTCGCTCTGGGTAT 

AGGAGGTCCGCATGCTCACAG 

CCCCTGCCCATTCGGAGGAAGAGA 

TTGGCCACCTTGACGCTGCGGTG 

CATCAAGAAGGTGGTGAAGC 

GAGCTTGACAAAGTGGTCGT 



104, 236, 308, 
359 

225, 326 

228 

263 



1A1 

ZsKJZ, 



238 
241 
228 
160 



5. Conditioned medium (CM) of the cell lines to be tested (50-fold concentrated 
supernatant, diluted 1 : 3 in EBM + 1% FBS) (see Note 4). 

6. Phosphate-buffered saline (PBS). 

7. 3% Formaldehyde/2% sucrose solution, 
o. v^icsyi viuici in zu/c methanol. 

9. Phase-contrast microscope or Coulter counter. 

10 NpontivP rnntrnl- FRM 4- 1 % FT^ 



j. \j * a. i ■* 



l\,±. V -KS VV/11U V/l ■ 



11. Positive control: recombinant VEGF (100 ng/mL in EBM + 1% FBS) or bFGF 
(10 ng/mL in EBM + 1% FBS). 



2.4. Endothelial Migration Assay 



1. Transwen inserts ^ostar^ containing a poiycaruouate ineinuraiie with o-fxin 



pores. 



9 600 nT fM tn hp tPQtpH f SfLfnlH pnnrpntrntpH HilntpH 1 • ^ in PRM + 1 % FR<^ 

^— • V^ V V^ HA' * "^— 'A ¥ A W «^" ^t^ *-^-" k-F I^WWl \ +S V^ J- V^ A^» *^ V AA'V ^t^AA %-A %4V%/V»« ^*AA V* *■ ^f-" ^* A » m^ AAA M IJ—T ATA. I A / »^ A. A—* 1 K-' / • 



3. 1 00 [aL of HUVEC (2 x 1 4 cells). 

4 . 4% Paraformaldehyde in PB S . 

5. Cotton swab. 
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u. v^m 1 ^^" 1 ^ 1 ^ U vlCiUCUC5 > IVleaiCal mC, oaiasuui, ri^j. 
7. Glass slides and mounting medium. 

R Phncp-rnntrnct miprncrnnp 

KJ * A. J.J.MUV VV11U CtO I, 1111VX VUWL/Vt 

2.5. Immunohistochemistry 

1. Silane-coated microscope slides. 

2. Dry incubator/oven at 37 °C. 

3. Xylene. 

4. Graded alcohols (100%, 90%, and 70% ethanol). 

5. 5% H 2 2 in methanol. 

6. Phosphate-buffered saline (PBS). 

7. 0.1MTris-HCl,pH7.6. 

8. 2% Donor horse serum (DHS) in 0. 1 M Tris-HCl, pH 7.6. 

9. 0.01 M Citrate buffer, pH 6.0 (1.92 g citric acid, H 2 to 1 L). 

iu. Antl- v cvjr lauun jjuiyuiuiicu tuiuuuuy t\-£\j (ocunti ciuz oiuLcuiniuiugy), i . tuu. 
II. Anti-bFGF rabbit polyclonal antibody F5537 (Sigma), 1 : 200. 

1? Mnnnrlnrml nntihnHv naninct hiiTYinn PRP AM/m^1 ar70n HnVn T TTC Ifiiio/iiT^ 

-A- -^-' • A » A V^ AA V 'VA -W-M-iWA Will- -M-»^y V ^* J W*» WAA_M.U V -»■ A Wl _» iVill A. J « ^^^ J- -».A ¥ A/ "K^^ J^-i" »^» A IV ^— - ' I V^ V*- 4 J— ^ V*-*-»^-V^ * -*_^ A !W ^ A V WVU/ KSV-B * / 

or against mouse CD31 (Pharmingen, 1 :30). Alternatively biotinylated BST- 
Lectin (Sigma) 1 mg/mL, diluted 1 : 20. 

13. Anti-rabbit secondary antibody. 

14. StrAviGen Super Sensitive kit (BioGenex Laboratories, San Ramon, CA) or 
StreptABC kit (Dako, UK). 

15. Hematoxillin. 

16. Normal mouse IgG (Vector Laboratories, Burlington, CA). 

17. Aqueous mountant. 

18. Phase-contrast microscope. 



2.6. Matrigel Assay 



i. nvc ui ma icmaic imuc iui cauii icsi giuup v 1 *^? atnymic i>v^rv l iiu/iiu j micej 
with suitable cages and supplies. 

2. Matrigel (Collaborative Biochemical, Bedford, MA); store at -20°C. 0.5 mL 
per mouse. 

3. 1-mL Syringes and 25-gage needles. 

4. Tumor cells or angiogenic compound to be analyzed. 

5. MatriSperse (Collaborative Biochemical). 

6. Drabkin's reagent kit (Sigma Diagnostics, St. Louis, MO). 

7. Spectrophotometer capable of measuring absorbance at 530-550 nm. 

O IWlAtkistrlc 

3. 7. Semiquantitative RT-PCR 

Reagents and protocols for semiquantitative RT-PCR have been described 
in detail in Chapter 8. The same RT-PCR protocol can be used for detecting 
mRNA expression of angiogenic stimulators. 
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.£.. IsUIICUUUII Ul IsUIIUIllUIICU IVICUICI IUI CUiiDM, £1/ ri UlllCf CtllUII, 

and Migration Assays 

1. Grow the cell culture to be analyzed to 80% confluency 

2. Starve the cell culture for 24-48 h in serum- free RPMI medium +1% heat- 
inactivated FBS (see Note 5). 

3. If the effect of hypoxia has to be tested, control cells can be grown in a hypoxic 

Ciiainuci ui n^puAia ucui uc iiiiiniuivcu uj' auuiuun ui iuvj puw ucsicujAainiiic 

mesylate (36) (see Note 6). 

4. Collect cell su^ernatants. 

5. Remove particulates by centrifugation at 1400g for 10 min and store at -80°C. 

6. Concomitantly, harvest cell pellets and determine cell number by counting the 
cells with a Coulter counter or in a hemocytometer (see Note 7). 

3-3- ELISA 

1. Bring all reagents of the Quantikine Immunoassay to room temperature and 
TYrer>are all reagents and standards as directed in the instruction namtihlet of 
the kit. 

2. Add 50 [aL of assay diluent to each well. 

3. Add 200 \xL of standard or sample (cell culture supernatant) per well. 

4. Cover with the adhesive strip provided and incubate for 2 h at room temperature. 

5. Aspirate each well and wash, repeating the process twice for a total of three 
washes. Wash by filling each well with wash buffer (400 jxL) using a multichannel 
pipet or autowasher (see Note 8). After the last wash, remove any remaining 
wash buffer by aspirating. 

6. Add 200 \xL of conjugate (i.e., VEGF) to each well. Cover with a new adhesive 

OUL±p CUJVl ±ll\^U.U'tH.\^ iW-L ^ ±1 dl 1WU111 IV-iJ.lJJV'-LU.I.U.-LV'. 

7. Repeat the aspiration/wash as in step 5. 

8. Add 200 liL of substrate solution to each well and incubate for 20 min at room 
temperature. 

9. Add 50 jxL of stop solution to each well (see Note 9). 

10. Determine the optical density of each well within 30 min, using a microplate 
reader set to 450 nm with wavelength correction set to 540 nm or 570 nm (see 
Note 10). 

11. Generate a standard curve and calculate the results as directed in the instruction 
pamphlet of the kit. The amount of angiogenic cytokine protein in the conditioned 
medium analyzed should be expressed as pg protein/ 10" cells/24 h. 

o.4. immunonistocnemistry. Microv6Sseis, yc\jir, urwr 

3.4.1. Staining Procedure 

1 . Cut 4-[im formalin-fixed paraffin -embedded sections of the representative tumor 
block onto silane-coated slides (see Note 11). 

2. Dry at 37°C overnight in an incubator. 
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3. Dewax using xylene for 2X 5 mm before passing through graded alcohols into 
water. 

A Plnr-p in PR^l -fr\r ^ min c\rtr\ hlnr-V pnHnapnnnc nprrwiHncp hv inrnhntinn in ^% 

I * A lUVV AAA A. J_^ *KJ J.W-L ■^ 111111 WfllVf J-XAVyV^A*. V11WV/ U V11VUU k/viv^i.iv*uuv ^-^.J iiivwi/wnvu 111 \-* » *-* I \s 

H 2 2 in methanol for 30 min. 

5. Wash sections in running destilled water for 10 min. 

6. Pretreat sections with microwave: 15 min, 1000 W in freshly prepared 0.01 M 
citrate buffer. 

7. Cool down rapidly to room temperature with running distilled water. 

8. Immerse sections for 5 min in 0.1 M Tris-HCl, pH 7.6. 

9. Immerse sections for 10 min in 2% DHS in 0.1 M Tris-HCl, pH 7.6. 

10. Rinse and apply the primary antibody diluted in 2% DHS in 0.1 M Tris-HCl, 
pH 7.6 (appropriate dilution according to Subheading 2.5.; see Note 12). 

1 1. mwuuait in a numiQineQ cndmuei ai t ^ uvdiugni. 

12. Detect antibody reaction with StrAviGen Super Sensitive kit or standard Strept- 
ABC immunohistochemistrv according to the manufacturer's instructions (see 
Note 13). 

13. Counterstain sections with hematoxillin. 

14. Negative control: Omission of primary antibody and substitution with normal 
mouse IgG. 

15. Positive control: Suitable tissue with known expression of the angiogenic 
cytokine to be analyzed or tissue with normal vasculature (see Note 14). 

3.4.2. Quantification of Angiogenic Cytokine and Microvessel Staining 

Evaluation of immunostained sections is usually carried out bv two observers 
over a conference microscope. The intensity of VEGF and bFGF cytoplasmatic 
stainins in representative tissue sections can be sraded on a scale of 0-3+: 
= no staining, 1+ = weak staining, 2+ = moderate staining, and 3+ = strong 
staining (see Fig. 1). 

Microvessel counts are determined by a method based on that developed 
by Weidner et al. (31). The three most vascular areas ("hot spots") of the 
tumor sections containing the maximum number of discrete microvessels are 
identified at low magnification (40x-100x). The number of vessels is then 
counted at high magnification (200x-400x) in these regions. Any EC cluster 
separate from adjacent microvessels is considered a countable vessel. Larger 
vessels containing more than eight erythrocytes or a thick lamina muscularis 
are excluded from the count. 

3.5- Endothelial Cell Proliferation 

1 Plnfp HUVEC in crplntiniypH 9ZL_wp11 ticciip riiltnrp nlnfpQ at a pnnppntrntinn 

of 5.0 x 10 4 /wel1. 
2. After growing for 24 h in EGM medium, starve HUVEC overnight in EBM 
medium supplemented with 1% FBS (see Note 15). 
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Xenograft 1 



Xenograft 2 



Fig. 1. Immunohistochemistry of neuroblastoma xenografts. Representative example 
of immunohistochemistry of micro vessels with BSI-Lectin (A), VEGF expression (B), 
and bFGF expression (C) in two different neuroblastoma xenografts in nude mice. 
Left: Highly vascular with strong VEGF and bFGF staining; right: poor vascularization 
with very weak VEGF and bFGF staining. Magnification: lOOx. 
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j. ^uiiuciiucue uie uuneuieu v_-ivi ui uie ucii line lu uc icsicu ju-iuiu miu uniue uic 
concentrate 1 : 3 in EBM + 1% FBS (see Note 4). 

4 Tnr-nhnfp WTTVPf" 1 in Hnnlir-ntp r-nltnrpc nf thic nrpnnrpH f^TVf nt ^7°^ frvr Q^ h 

5. Include positive controls of recombinant VEGF (100 ng/mL) or bFGF 
(10 ng/mL). 

6. Use EBM + 1% FBS as a negative control. 

7. Following incubation wash HUVEC with PBS. 

8. Fix HUVEC with a 3% formaldehyde/2% sucrose solution. 

9. Stain with a solution of cresyl violet in 20% methanol. 

10. Count HUVEC in 10 different high-power fields at 320x magnification (see 
Fig. 2). 

11. Alternatively, the number of HUVEC (unstained) can be counted in a Coulter 
counier. 

3-6- Endothelial Cell Migration 

We use a modified Boyden chamber assay for the quantification of EC 

mirrrotinn i<7 XXI' 

1. Place Trans well inserts (Costar) in 24- well culture dishes. 

2. Add 600 \xL of the CM to be tested (50-fold concentrated, diluted 1 : 3 in EBM 
+ 1% FBS) to the bottom well. 

3. Plate 100 jaL of HUVEC (2 x 10 4 cells) on the top of the Trans well membrane 
in the upper compartment. 

^ . incuoaie riu v ci^ ai :> / C ana dvc i^u 2 ior ^ n. 

^. i'ia uic nicinuiaiics in *+ /c paicuuiinaiuciivuc 111 jtjjo. 

6. Wipe the cells that had not migrated through the pores from the upper surface of 
the membrane with a cotton swab (see Note 16). 

7. Cut membranes out of the Trans well insert. 

8. Stain membranes with Quick-Dip (Mercedes Medical Inc., Sarasota, FL) and 
mount them on glass slides. 

9. Quantitate migration by counting the cells that migrated to the bottom of the 
membrane in 10 high-power fields. 

Q 7 in \ti\ir\ /I n/v/n/VAnaoio • liJin+rirtal /loooix /coo M/tto 1 fi ) 

!?■/■ in v ivkj ah lynjyd icrofoa ivictii iy& Atoocfjr (occ nui^ iyj / 

1. Day 0: Inject athymic NCR (nu/nu) mice sc in the abdominal midline with 
0.5 mL Matrigel alone or mixed on ice with the tumor cells to be analyzed as 
the angiogenic stimulus (39). 

2. Days 10-14: harvest Matrigel plugs for hemoglobin assay. Take photos of plugs 

3. Perform quantitation of hemoglobin in the plugs by the Drabkin method (40): 

• Dissolve harvested Matrigel nellets in MatriSnerse at 4°C overnight (see 
Note 18). 

• Assay supernatant for hemoglobin content using the Drabkin' s reagent kit 
according to the manufacturer's instructions. 
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Fig. 2. Effect of NB cell supernatant on the proliferation of human vascular endo- 
thelial cells (HUVEC). Representative example of HUVEC cultured with conditioned 
medium A (lower left, highly stimulatory) and conditioned medium B (lower right, 
no stimulatory effect) in comparison to full EGM medium (upper left, containing EC 
growth factors) and basic EBM medium (upper right, containing no growth factors). 
Phase-contrast microscopy; 320x. 



4. Notes 

1 . Frequently, RNA preparations contain small amounts of genomic DNA that may 
be amplified along with the target cDNA, If possible, PCR primers should be 
designed to bracket cDNA sequences that cross an intron-exon boundary in 
genomic DNA. For our protocol, all PCR primers must be bio tiny lated at their 
5' ends. GAPD primers are used as internal control to detect GAPD transcripts, 
which are ubiquitously expressed at high levels, in order to check the quality of the 
RNA and to control for variations in RT, PCR, and product detection steps. Primer 
sequences for VEGF are able to detect all four different molecular species pro- 
duced by alternative splicing: VEGF 12 i, VEGF i65 , VEGF 189 , and VEGF 20 i. 
Primers for VEGF-B are able to detect the two different isoforms VEGF-B 167 
andVEGF-B 186 . 

2. A great deal of heterogeneity exists in the morphology of the endothelium and 
in the phenotype displayed by individual ECs. Other ECs than HUVEC can be 
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uscu (iikc uu vine auiuu c^s ui uu vine uicun c\s), uui uic cncuis ui ci pcuuuuitu 
angiogenic factor compared to another should always be defined in the context 

nf thp enmp tnrapt r-pll nrvnulfitinn 

Vi U1V LJW1J.1V I.ViJ.t^Vi' V^V^AA l^'VJ' |_/ vnv*n wm 

3. EBM: Endothelial basal medium, containing no growth factors, not stimulatory 
for EC proliferation or migration. EGM: complete EC growth medium, containing 
all growth factors and supplements necessary for the propagation of EC. 

4. The optimal concentration and dilution has to be determined for each cell type 
and CM. If the concentration is too low, the amount of angiogenic factors might 
not be sufficient to see differences in the effect on EC proliferation or migration. 
If the concentration is too high, dialysis might be necessary before incubating 
ECs in it, as a high salt concentration is cytotoxic for ECs. 



C i-T-ii > • i > • r > i iij* , j? r~i~\ m 



j. ine opumai ume ior me coiiecuon oi ^,ivi migni vary, dome cen lypes cannoi 

auuiu inuit uiaii Z<4 n in iii^uiuni wnu i vv i uo, iui uui^ia, n iiiigui uc ii^i^aaai^ iu 

collect CM for several days to obtain sufficient amounts of angiogenic factors. 

ft Hvnnyia is known to nnrpaiilatp nrnrhirtinn nf fm<yinaprnr fnr.tnrs likp VEnF 

Thus, it might be of interest to compare the amounts of angiogenic factors 
in normoxic and hypoxic cell cultures. If a hypoxic chamber is not available, 
hypoxia can be mimicked by addition of cobalt chloride or desferoxamine (36). 
Both activate the hypoxia inducible factor 1 (HIF-1), like hypoxia itself. 

7. The amount of angiogenic factor production should always be calculated for the 
same cell count, as different cell density can influence the results. A comparison 
of the same protein amounts might not give accurate results. 

8. Complete removal of liquid at each step is essential to good performance. 

9. If color change does not appear uniform, gently tap the plate to ensure thorough 



iiiiyving. 



10. If wavelength correction is not available, subtract readings at 540 nm or 570 nm 
from the readings at 450 nm. This subtraction will correct for optical imperfec- 
tions in the plate. Readings made directly at 450 nm without corrections may 
be higher and less accurate. 

11. Eight-micrometer cryostat sections can also be used, but the area of tumor 
assessed is less representative. 

12. The optimal dilution might vary in different tissues and has to be determined 
for each experiment. 

13. This method uses the high affinity of streptavidin for biotin. After application of 
the primary antibody, a biotinylated secondary antibody is overlayed. The tertiary 

aiiuuuuy eunipicA ui sucpiaviuiii— uiuun— nuisciauisn pciuAiua&c ^iiivr^ is men 

oxidized when it donates electrons to acticate the HRP/H 2 2 reaction. 

14. A control slide of the same tissue section should be analvzed together with each 
batch of samples to ensure comparable staining results. 

15. One percent FBS has to be added for the stability of VEGF. 

16. The upper surface of the membrane has to be wiped with a cotton swap to prevent 
counting of ECs, that had not migrated through the membrane, but just attach 
to its upper surface. 
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■in tu^ 4-: i 4.: -c,^ 4-u~ i ~,,~„i ^j? *u, ^i„~„ u„„ ±~ u^ j^^. ~ : i .c u 
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individual set of experiments. If it is too short, the vascularization is not sufficient 

tn hp mpnciirpH Tf it ic tnn Inno thp nlnoc Vmvp cnliHifipH anH rannnt hp HiccnlvpH 

in Matrisperse any more. 
18. Different results in experiments can be the result of differences in Matrigel 
preparations (use the same lot for the whole series of experiments), age and 
gender of the mice (vessel formation in 6-mo-old mice is reduced as compared to 
mice 12-24 mo old (40) as well as different injection sites (one of the best areas 
in terms of angiogenic response is the ventral side of the mouse in the groin 
area close to the dorsal midline). Use the same conditions for all experiments 
that you intend to compare. 
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Experimental Strategies for Combined Suicide 
and Immune Cancer Gene Therapy 

An Overview 

Christof M. Kramm,Tim Niehues, and Nikolai G. Rainov 



1. Definition of Suicide Gene Therapy 

Suicide gene therapy systems are characterized by the transfer of therapeutic 
transgenes, which encode for enzymes of various origins. These enzymes are 
able to convert nontoxic prodrugs into highly cytotoxic metabolites. Thus, 
all cells that are transduced by suicide genes will be destroyed when the cor- 
responding prodrug is applied. The cytotoxicity is mostly limited to transduced 
cells, but nontransduced cells may also be affected by the so-called bystander 
effect. The bystander effect (1) describes the phenomenon that in cell culture 
only a relatively small amount of cells has to be transduced with the suicide 
gene to gain complete cell killing upon treatment with the corresponding 
prodrug. 

2. Suicide Gene Therapy Systems 

To date, there are at least 13 different enzyme gene/prodrug systems that 
have been tested for cancer gene therapy (for review, see ref. 2). The most 
widely used suicide gene therapy systems are the herpes simplex virus type 1 
thymidine kinase gene (//Sl/-f£)/ganciclovir (GCV) and the Escherichia coli 
cytosine deaminase (cd)/5-fluorocytosine (5FC) systems. 

The HSV-tk enzyme phosphorylates nucleoside analogs like acyclovir 
and ganciclovir to their monophosphorylated metabolites (3), Only these 
monophosphorylated forms can then be further phosphorylated by cellular 
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mammalian enzymes. The resulting triphosphates are the main cytotoxic 
substrates that are inserted into the growing DNA chain, thereby leading to a 
premature chain determination. Cell death then occurs as a result of apoptosis 
induction. Because of its close relation to DNA synthesis, the HSV-tk system 
appears to inuuce cytotoxicity omy in proiiierating cens. 

In contrast, the cd system is supposed to kill proliferating and nonproliferat- 
nig uciis ucuausc j-nuorouracii, a common cnemouierapeutic agent, icpi^aQiiL^ 
the main cytotoxic metabolite of 5FC and interacts with DNA and RNA 

a^nui^aia (**/• ouustqutia Ceil utaui ai&u u^^uia iui Uie lu/jiv a^aic;i±i via 

induction of apoptosis. 

3. Immune Response Induction bv Suicide GeneTheraov 

■ * ■ * 

Initially, suicide gene therapy has been exclusively regarded as a purely 

r>\7tr»trvvir* QtihpotK^Ar trpofmpnf ct-rat^rri;- Knf- in rAnpnt imorc QlllPirlp rr^r**^ tripronx/ 

has been more and more linked to the induction of an antitumor-specific 

immilTlP rpcnr\ncp Tnirct hinto fr\r Qn <^cg^tii"iqi imff\1\/f»mpnt r\f \\\(± immune c\7ct^m 

lllllllllllV J. \^<J J_/\_/±AL_J^. J. li-Ol AAAiAlU 1V1 Ull ^JJVllllUl 111 ¥ \^X I V111V111 \S A- tllV 1111111U11V L_> J JIV111 

arose from suicide gene therapy studies in immunocompromised animals where 

trpntmpnt r^cnitc x\7(*r(* l^cc imnrpccivp than in immnnnfnmnptpnt cinirrmic f^\ 

U V^H-HAiViXV 1VJW1HJ TTV^XV^ XVUO AXAA l_/A \*> VJ VJ A V W HittAA AAA lllllllUUVWlllL/VtVlll H,AAAAAi^HU i «^ / . 

The induction of an immunological antitumor memory was also reported for 

thp WSlV-tV anH thp rr\ QVQtpmc fA 7^ Ac immnnolnair'nl rnrrplfitpc f^DJ-l- nnH 

VJ.1V A J-K_f T VJ.V HJ-XVJ- VJLJL^ ^ X^#- U f UVV1J.1U 1 Vf 1 / r« X AU 1111111U-11V/1V/ W J. V d-L V V/l 1 VlU. V V J • ■%w^J_-^' I I M±J.Vf 

CD8+ cells, macrophages, and natural killer cells were shown to infiltrate 

tnmnrQ nftpr Qiiirirlp (tptip thp.rnnv (R—1()\ ThiiQ it \x/nc hvDOthesized that 
sniriHp crpnp theraDV can change thp irnrminninhihitnrv mirrnpnvirnnmpnt 

of tumors into an immunostimulatory one (11). This immunostimulatory 
microenvironment was linked to the induction of a Thl-like cvtokine nrofile 
(interleukin [IL]-1, IL-2, IL-6, IL-12, interferon [IFN]-y, tumor necrosis factor 
[TNF]-a, granulocyte— macrophage colony- stimulating factor [GM-CSF]) upon 
HSV-tk/GCV treatment (12-15)° 

4. Combined Suicide and Immune Gene Therapy 
4. 7. Choice of Transgene Systems 

Regarding the immune responses induced by suicide gene therapy, it seems 
consequent that several attempts have been made to treat tumors by combina- 

Liuns ui tjuiuiuc anu immune gene uiciapy [see la Die ±j. vvncicats xro v-us. ui 

cd have been exclusively employed on side of the suicide genes, the variety 



i -*-^ ^^ a-* -*-^ i^ a-* -*-^ r-4 j^K-^i-*-^ 



ui immune mocuncauons inuuuw Qirrereni ^^luiviiic, cnemoKiiic, anu anugen- 
presenting cell (APC) strategies. The transfer of cytokine genes was, by far, 

liis^ inuat n^nu^iiu/y uacu iiimiuiit g^ iiS ^ Cnerapj appiua^n. ntic, ui^ aiii c^lu- 

kine genes IL-2, GM-CSF, and IL-12 were clearly favored to enhance the 

iiniiiuiiu i^ap^iiau invau^^u. uy ^uiuut g,un^ tn^iapj. nuwtvu, nvjt an attuinpt^ 
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to combine immune and suicide gene therapy were successful. Some studies 
(14,16,41) could not demonstrate an improved therapeutic outcome upon 
combined treatment with IL-2 and HSV-tk gene therapy. However, these are 
single reports, in general, a clearly enhanced therapeutic efficiency was found 
by combined suicide/immune gene therapy (see Table 1). 

4,2, Choice of Vector Systems 

As vector systems for combined suicide and immune gene therapy (see 
Table I), adenovirus (ADV) vectors have been clearly preferred to retroviral 
vectors. Herpes simplex virus (HSV) vectors also appear to gain increasing 
importance (43,44,46), nonviral vector systems like liposomes seem to play 
only a minor role. 

A o 1 Retroviral \/&ntnrc 

Retroviral vectors represent the most widely used vector system in suicide 
gene therapy, but the results of clinical phase I— III trials for brain tumor patients 
(47,48) have shown no significant therapeutic success. This is most likely the 
result of the relatively low transduction efficiency of retroviral vectors. Retroviral 
vectors represent instable particles with a short half-life and a high tendency to 
rapid degradation (see ref. 49). Furthermore, serum factors (e.g., complement) 
also have a high potential for inactivation of retroviral vectors (50). 

Usually so-called retroviral vector producer cells (VPC) are used for in vivo 
application. Retroviral VPC are genetically modified cells (e.g., fibroblasts) 
of human or murine origin that express structural and functional retroviral 
genes (gag, pol, env) that are necessary for retroviral replication (see Fig. i). 
However, retroviral VPC lack the packaging signal and the long terminal 
repeats (LTR), which are also essential for the generation and packaging of 
infectious retroviral particles. Packaging signal and LTR are components of 
retroviral vectors in which gag, pol, and env genes have been replaced by 
transgenes. Thus, neither VPC nor retroviral vectors alone can lead to the 
generation of retroviral particles. However, when VPC are transduced with 
retroviral vectors, all elements for vector production are reunited, and, as a 
consequence, retroviral vectors are generated, packaged, and released into the 
extracellular space (see Fig. 1). 

When transduced VPC are implanted into a tumor, retroviral vectors are 
continuously generateu anu re±easeu in situ. Thus, a nigiier transduction 
efficiency is expected than by direct use of ex vivo-generated retroviral particles, 
nowever, transduction ernciencv via v r^ is ai^u limited ucuauac v r\^ represent 
xenologous cells that are attacked and destroyed by the host's immune system. 

ah uiain tuinuia ui lata, iiiuini^ yiv^ snuwtu uni^ an avciagc auivivai Lime ui 



Table 1 

Previous Animal Studies with Combined Suicide and Immune Cancer Gene Therapy 



Phamiacogene 


Immunogenc 


Rodent tumor 


Vector 


Therapeutic 




therapy system 


therapy sysiem 


model 


system 


efficiency 


Ref. 


HSVtk/GCV 


IL-2 


Gliosarcoma 


Retrovirus 


Not enhanced 


16 


HSV-ik/GCV 


IL-2 


Colon carcinoma 


ADV 


Lima need 


17 


HSV-tk/GCV 


IL-2 


Cobn carcinoma 


Liposomes 


Enhanced 


IS 


HSV-tk/GCV 


IL-2 


Mouth squamous cell 
carcinoma 


ADV 


Enhanced 


19,20 


HSV-tk/GCV 


IL-2 


Lung cancer 


ADV 


Enhanced 


21 


HSV-tk/GCV 


IL-2 


Salivary gland cancer 


ADV 


Enhanced 


22 


HSV-tk/GCV 


I.1L-2 

2. IL-6 

3. B7-I 


Various tumors 


ADV 


Not enhanced 


14 


HSV-tk/GCV 


1 . IL-2 


Metastatic colon 


I.ADV 


Enhanced 


23 




2. IL-2/GM-CSF 


carcinoma 


2. ADV + ex vivo 

vaccina 






HSV-tk/GCV 


IL-4 


Glioma 


Retrovirus 


Enhanced 


24 


HSV-tk/GCV 


1 . IL-7 


Nan small-cell lung 


Ex vivo vaccine 


I . No effect 


25 




2. IL-7 + DC 


cancer 




2. Enhanced 




HSV-tk/GCV 


GM-CSF 


Colon carcinoma 


Retrovirus 


Enhanced 


26 


HSV-tk/GCV 


IFN-a 


Erythroleukemia 
Mammary adenocarcinoma 


Ex vivo vaccine 


Enhanced 


27 


cd /5FC 


IL-2 


Erythroleukemia 


ADV 


Enhanced 


28,29 


ed/5FC 


IL-2 


Melanoma 


ADV 


Enhanced 


30 


cd/5FC 


IL-4 


Melanoma 


Liposomes + ex vivo 
vaccines 


No effect 


31 



HSV-tk/GCV 


L1L-2 

2. 1L-2/GM-CSF 


Melanoma 


ADV 


Enhanced 


32 


cd/$FC 


GM-CSF 


Melanoma 


ADV 


Enhanced 


33 


5FC 


IFN-Y 


Mammary carcinoma 


Ex vivo vaccine 


Enhanced 


34 


HSV-tk/GCV 


TNF-a 


Fibrosarcoma 
Glioma 


HSV 


Enhanced only in 
fibrosarcoma 


35 


HSV-tk 


1L-2 


Medullary thyroid 
carcinoma 


Ex vivo vaccines 


Enhanced 


36 


cd/5FC 


Lymphotaetin 


Colon carcinoma 


ADV 


Enhanced 


37 


HSV-tk 


1L-L2 


Hepatocellular carcinoma 


ADV 


Enhanced 


38 


cd/5FC 


SCF + GM-CSF 


Colon carcinoma 


ADV 


Enhanced 


39 


HSV-tk/GCV 


I.1L-2 

2. GM=CSF 

3. IL-2 + GM-CSF 


Metastatic breast 
carcinoma 


ADV 


Enhanced 


40 


HSV-tk/GCV 


1L-2 


Bladder carcinoma 


ADV 


Not enhanced 


41 


HSV-tk/GCV 


I.1L-12 
2. GM-CSF 


Peritoneal carcinomatosis 
of colon carcinoma 


Retrovirus 


Enhanced 


42 


HSV-tk/GCV + 


TNF-a 


Glioblastoma multiforme 


HSV 


Enhanced 


43 


radiosurgery 












HSV-tk/GCV 


GM-CSF 


Colon carcinoma 


HSV 


Enhanced 


44 


cd/5FC 


IL-18 


Melanoma 


ADV 


Enhanced 


45 


HSV-tk/GCV 


1L-I2 


Colon carcinoma 


HSV 


Enhanced 


46 



Abbreviations; ADV, adenovirus vector; DC dendritic cells; IFN-a, interferon -a; IKN-y, inierfcron-y; IL-2 b intcrleukin-2; 1L-4, interleukin-4; 
IL-6, interleukin-6; 1L-7 T inteilcukin-7: 1L-12. interleukin-12; IL-18, intsrleukin-18; GM-CSF. granulocyte-macrophage colony-stimulating 
f actor; HSV, herpes simplex virus vet lor; SCF, slem tell factor; TNT-a, tumor necrosis factor-a. 
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Fig. I. Generation of replication- in competent retroviral vectors by use of vector producer cells. Retroviral vector producer cells 
(VPC) arc genetically modified mammalian ceils that express the retroviral structural and functional genes gag* pvU and vnv. 
When VPC are transduced with a retroviral vector carrying the transgene (suicide or cytokine gene or both together), all elements 
for specific vector production (em\ gag, pot, packaging signal *j», 5' and 3' LTRs) are present within the VPC, Thus, retroviral 
vector generation, packaging, and release occur. 
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5—14 d (51). Another disadvantage of a sufficient transduction efficiency might 
also be the absent migration potential of the VPC. Common retroviral VPC 
always stay at trie site oi implantation, r^eieaseu retroviral vectors can oiny 
diffuse a few hundred micrometers between the densely packed tumor cells, 
mus, uespite a continuous vector prouuction, tne transduction emciency is 
spatially limited. All of these disadvantages may explain why retroviral vectors 

seciiieu lu nave iu&l suine ui men iinuai appeal iui eaneei gene uieiap^. 

However, retroviral vectors have been proved in many trials to be safe when 



1 T i-1 y"V j 



__..._._ J -*•"* -»^ r-fc -^~ ^ .*-* ♦-* "rf - i-i I v^fc /-J r-fc +- /-\ 4~ v\ y-* y— \ -»*-* Ii7 /-i i t y-% x - * s~\ n /-i -r i ^ I y-* I ^ ■#■-* ^ y-* *-k I *-k -#^ -»^ I ■* y-k *^l +- ^ y-^fc -f% n ,/-* +- *-%- y-v -»*-* y-\ 

uaeu in paneins. iu uaie, me uni^ aueeesaiui einiieai appiieaLiuna ui gene 

therapy were all performed with retroviral vectors [i.e., suicide gene therapy 

dS Divjivjgiv^ai aaiuij iiiu^iiaiiiaina ivji auupuvu iiiiniuiiu Liiuiapv wiui u.^iivji 
±y inpnw^ V tv^ i±ij_u ai^iia ann anug^nnc at^iii ^v^±i u aiiapiamauwn ^ ^^/ anu 

the successful genetic correction of an X-linked severe combined immune 

^iivi^ii^j u*j/\. ah tuv^ov^ ^ciov^o, bUlllelCllL UlClllO^U^tlV/ll V^lllVl^ll^J 111 tCllg,V^t H^llO 

was achieved by retroviral gene transfer ex vivo, not in vivo as in all previous 

r>linir>ol ciiir>inA r*nnr>e*r m^Ti^i tripron\f tr-iolo 
viiinvui juiviwv v^ciiiv/v^x gwi^ uiviupj uiau. 

4.2.2. Adenoviral Vectors 

In contrast to retroviral vectors, adenovirus vectors offer a significantly 

rnrrVi^r trQncHiir«tirm (*-ff\ r'-u^rt r-\7 TIipu cir*^ mnrp ctciVJ^ th^n r^trrvuircil \/^r , i"fvrc cinrl 

llltllVl UUllDVtUVtlVll V111V1V11V V • lllVJ l*X V^ 111V1 V JLUU1V IXXUXX X V^ IA V^ » J.X i*x y V^V/ tX-ZX l_> U11U 

they can be generated in higher titers (10 12 ADV vs 10 7 -10 8 retroviral vector 

nQrtir'Ipc np*r mi11i1itf i r^ AHpnrkvirnc vpr>tnrc r^\r\ hp inipr'tpH intrsivp'nniicl Wintry- 

LyClJ. HV1VU l^/^J. llllAllll LVl / • A. lUVllU T J. A W*kJ T ^^/ VV^J. U ^WtAi t/ ^ All VV LvU AAA WA fc* T ^ AXV^ V*UA V / AAA VA fc* 

arteriallv c\r directlv into himnrs Tn animal mnHpIc rpciiltina qptif 1 trrmQiVr 

til LvllCill r vl %_*-a_i_ 'ww va y 111WV tlilllv/lLjt XXX Cillllllill lllV/Vl-VlJ« 1 VJUlLlllu wvnv UUllUlvl 

efficiency into tumor cells usually exceeds by far the outcome achieved after 
retroviral transduction Thp Hnrnrinn nf adenovirus-mediated trans^ene exnres- 
sion usually only lasts a few weeks, which, per se, does not automatically 

annear as a rrnrial Hi sad vantage for cancer 2ene theranv AA/here short transaene 

expression is usually sufficient for the therapeutic effect. 

Although several clinical trials have demonstrated the safetv of adenovirus 
vectors, one patient with an urea cycle deficiency died from hepatic coma 
after injection of genetically modified adenovirus particles into his hepatic 
artery (54). The liver was probably destroyed by a severe immune response to 
adenovirus particles. This immune response may have occurred because the 
genetic backbone of clinicallv used adenovirus vectors is derived from human 
pathogenic adenovirus serotypes, and potentially harmful immune responses 
may be elicited in some oeoole. To avoid the risk of inducing an overwhelming 
immune reaction, a new generation of adenovirus vectors, so-called high- 
caoacitv or gutless adenovirus vectors (55). have been developed in which all 

A * KS ^ / ' A 

adenoviral genes, including those with a high immunogenic potential, have 
been replaced. This new vector generation mav offer a solution to avoid fatal 
immune reactions after adenovirus application. 
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Adenovirus vector production, packaging, and release 

Fig. 2. Generation of replication incompetent adenovirus vectors. Adenovirus 
vectors can be generated by homologous recombination between two plasmids carrying 
either the deleted adenoviral genome or the transgene (suicide or cytokine gene) flanked 
by adenoviral sequences. Homologous recombination with production, packaging, and 
release of adenovirus vectors occur after cotransfection of permissive cells, which 
then serve as vector packaging cells (VPC). Convenient kits for adenovirus vector 
generation are commercially available. 



Regarding the combinational use of suicide and cytokine gene therapy, 
adenovirus vectors provide a high transduction efficiency, which is crucial for a 
sufficient therapeutic antitumor response. Furthermore, adenoviral vectors with 
different transgenes are easy to generate as shown in Fig, 2, 

4.2.3. Recombinant Herpes Vectors 

Recombinant herpes simplex virus (HS V) vectors were used in recent studies 
to transfer cytokine and suicide genes into tumor cells. HSV vectors bear 
similar characteristics for gene therapy as adenovirus vectors. They can be also 
generated in high titers ex vivo (10 10 — 10 11 infectious particles per milliliter) 
and transduction efficiencies are comparable (56). Recombinant HSV vectors 
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Fig. 3. Generation of recombinant HSV vectors. Recombinant HSV vectors are 
generated by homologous recombination after cotransduction of permissive cells with 
HSV viral genomic DNA containing the HSV-tk gene and plasmid DNA containing the 
cytokine gene and a selection marker flanked by HSV sequences. Resulting HSV vec- 
tors with suicide and cytokine genes are selected and purified after repeated infections 
of permissive cells. Purified HSV vector stocks are harvested from supernatants after 
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ceii lysis aiiu cuiiceiiuaieu uy ceniriruganon. 



are more difficult to generate than retroviral or adenoviral vectors (see Fig. 3). 
Contamination of virus stocks with wild-type HSV is a non-neglectible event 
and may be fatal for gene therapy purposes. Thus, applied HSV vector stocks 
have to be regularly checked for wild-type contamination. 

Recombinant HSV vectors are often replication conditional, which means 
that they can replicate in proliferating cells, but not in nonproliferating cells. 
The cell proliferation-dependent vector generation is achieved by inactivation 
of viral genes whose replicational function can be compensated by cellular 
genes during cell proliferation. Replication-conditional HSV vectors can 
generate new vector particles in proliferating tumor cells, thereby increasing the 
amount of vectors in situ. Because the replication cycle of HSV is obligatorily 
accompanied by cell lysis, replication-conditional HSV vectors can also destroy 
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tumor cells. Thus, the use of replication-conditional HSV vectors for combined 
suicide and immune gene therapy bears the advantage that not only does the 
suiciue gene therapy approacn ieau to a selective killing oi transduced tumor 
cells, but also the infection by HSV vectors. 

Herpes simplex virus vectors also induce a local inflammatory response 
with the influx of immune cells and release of immunostimulatory cytokines 

cuiu unciiiujs.inc;d. inus, uie imsis iui an iininuiiuiiiuuuicuui^ treatment 5Liaicg < y 

is well prepared. However, like adenovirus vectors HSV vectors are derived 



rrt+^ rt^ri ni 



iiuin a nuiiian painogen. inUS, an minium l^ lu no v uilc;ii ^ai»l& ill pauc;iiL&. 

Overwhelming immune responses to local applications of HSV vectors may 

niu-uv^u atvut aiut v^iiu^ta. j-ii uui uwn annual u a. pui unwind, lllLlaLIieCal inj^^ - 
LlUllo kjl ±^p±i^ati^n - t/^inj.ii.iwiiai iu v v^nvia vvv^iv^ nui umj nigiiij v^iii^iv^nt 111 

destroying disseminated tumor cells within the cerebrospinal fluid, but also 

V^ll^lU^U CI LjUUllg, 11111 C1111111CH.W1 J 1 ^Oj^V^llO V^ VV 1 til CI ^ WllOliaV^l CIUIV^ 111U1U1U11J C111U, 

in some cases, also the death of the animals (57). Only few clinical trials 

IIWVV L^V^V^ll LTV11V1111VU \.VJ VAt-H-V^ Willi IVUll^UUUll VUllUlUUllUl 11U T Y VHV1J IrKJ Ul^Ul 

brain tumor patients. The observed toxicity was negligible but the achieved 

t1-ipircir\i=kii1~ir» (^i ry ftr t t^rtn\7 u;qc ciler* r\-n1\f mArlprotp f^&\ 

U1V/1UL/V/UUV V/111V/1V11V> VYUJ CIXOW UlllV 111VJUV1UIV ImJKjr. 

4.3- Choice of Vector Design 

For combined suicide and immune gene therapy, the mode by which the 
different theraneutic Irenes are exnressed within thp different vectors mav also 

hp nf imnnrtanrp Mn<it <;tnHip<; n spH miYtnrps nf different retroviral VPP or 

adenovirus vectors to transduce tumor cells with suicide and cytokine genes. 
Thp intratnmoral annliration of mixpd vectors ^nr mixpH VPf^ pxnrpssinsr 

either the suicide or the cytokine gene represents an easy way to achieve 
a sufficient expression of both therapeutic genes within the tumor. For the 
enhancement of an antitumor immune response, it is not obligatory that the 
suicide and the cvtokine penes are exnressed within the same cells. Tt mav even 
be disadvantageous because cells that are killed by suicide gene therapy will not 
longer secrete the cvtokine. Thus, if all cells simultaneouslv carrv the suicide 
and the cytokine gene, the cytokine effect may be abrogated by the onset 
of nrodrus treatment. However, if manv tumor cells carrv either the suicide 
or the cvtokine sene, tumor antisens are released after suicide sene theraov 
mediated tumor cell killing while cytokine release continues from nonaffected 
cells. 

However, few studies used vectors where suicide and cytokine genes are 
expressed within the same HSV vector (43,44,46) or within the same retroviral 
expression cassette (59). In HSV vectors, the HSV-tk gene is already part of the 
viral genome, thus, the cytokine gene has only to be inserted into a pre-existing 
HSV backbone. In bicistronic retroviral vectors, the suicide and cytokine genes 
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_? 



are dolii expresseu unuer irie control 01 one promoter via an internal rioosome 
entry site (IRES). This assures that both genes are expressed within the same 
cell after retroviral transduction. However, the gene downstream of the IRES 



usually shows a significantly lower expression than the gene upstream of the 
IRES. Thus, by using bicistronic vectors for a combined suicide and cytokine 
gene therapy approach, sufficient expression of both therapeutic genes has to 

uc; uuiiiiiincu in an uascj>. iiiLciQ&uiigi < y, una uuiisliuwl was wiius^n iui a in at 

clinical trial (59). 



5. Conclusions 

The combination of suicide and immune gene therapy offers an interesting 
new concept for the treatment of tumors. Selective tumor cell killing with 
specific antigen release prepares the ground for an effective in situ antitumor 
vaccination achieved by local cytokine secretion. Adenovirus vectors with their 
known high transduction efficiency appear to be the most promising vector 
system to date for this purpose. The use of third-generation high-capacity 
adenovirus vectors will reduce the risk of harmful immune responses observed 
in previous trials. The application of different vectors carrying either the suicide 
or the cytokine gene is supposed to be advantageous to vector constructs with 
both genes together. 

The concept of combined suicide and immune gene therapy may help to 
circumvent some of the limitations that have led to the previous failure of 
suicide gene therapy as a novel treatment approach for tumor patients. The 
induction and enhancement of an immune response may allow for a good 
therapeutic outcome despite a relatively low transduction efficiency of the 
vector systems available to date. 
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Gene Therapy with Plasmids Encoding 
Cytokine- or Cytokine Receptor-IgG 
Chimeric Proteins 

Ciriaco A. Piccirillo and Gerald J. Prud'homme 



1. Introduction 

Cytokine therapy can influence the outcome of autoimmune diseases by 
altering either T-helper 1 (Thl) vs T-helper 2 (Th2) balance or antigen- 
presenting cell ( APC) function, or by shifting the balance between inflammatory 
and regulatory cytokines (1). However, cytokine and soluble cytokine-receptor 
therapy have been limited by the short half-life (T 1/2 ) of these proteins and 
the necessity to administer relatively large boluses of recombinant proteins 
(2), This results in transient high systemic levels and, in the case of cytokines, 
toxicity and poor therapeutic efficiency. The in vivo blockade of cytokine 
function by monoclonal antibody therapy, although feasible, has also faced 
therapeutic limitations (3). Moreover, the isolation and production of highly 
purified and stable therapeutic proteins is laborious and expensive. Gene 
therapy has significant advantages, allowing long-term and relatively constant 
delivery of cytokines or their receptors at therapeutic levels. This can be 
accomplished with viral gene therapy vectors, as well as plasmid DNA 
expression vectors (nonviral approach). Our laboratory has been particularly 
interested in the delivery of vectors encoding cytokines and cytokine receptors 
for the prevention or treatment of autoimmune diseases. 

1 . 1. Naked Plasmid DNA 

Simple needle injection of naked plasmid DNA in saline into skeletal muscle 
results in the nonintegrating transfection of 3-5% of myocytes. The process 
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Fig. 1. Luciferase expression in skeletal muscle is a DNA dose-dependent process. 
Female BALB/c mice (4-6 wk, n = 8) were injected with increasing amounts of 
VR1255. Luciferase was measured 7 d following plasmid expression. 



of nlasmid DNA entrv into skeletal muscle fibers is not well understood. 
Several uptake mechanisms have been postulated, including plasma membrane 
disruption, receptor-mediated endocvtosis. and notocvtosis (4-8). Direct 
iniection of naked plasmids DNA has also been performed in other tissues, 
including skin, liver, tongue, thyroid, tumors, and lung (reviewed in ref. 9). 
Expression levels in these tissues were considerablv lower than in skeletal 
muscle. Possibly, myocytes differ by having DNA uptake mechanisms depen- 
dent on the T-tubule svstem or caveolae (5,9,10). The nuclei of skeletal muscle 
cells are normally located peripherally, apposed to the cell membrane, which 
may facilitate entry of plasmids into nuclei. 

The injection by needle of a 50- [iL dose (the maximum recommended 
volume) of fluorescence-labeled plasmid into the tibialis anterior (TA) muscle 
of mice results in the rapid dissemination of DNA throughout the muscle (7/). 
DNA is internalized by myocytes within 5 min and, over several hours, by 
mononuclear cells (perhaps macrophages or dendritic cells) located along 
muscle fibers and in the draining lymph nodes. Of note, the transgene appears 
to be expressed primarily by myocytes despite uptake of DNA by other cells 
(//). The uptake of plasmid DNA in muscle appears to occur by a saturable 
process, because luciferase expression levels increased to about 100 [ig of 
DNA (see Fig. 1), but at higher doses, expression declined (not shown). 
Dowty and co-workers (6) have suggested that this saturation is associated 
with a receptorlike uptake mechanism, although it remains uncharacterized. 
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Interestingly, APCs have toll-like or other receptors that bind bacterial DNA and 
increase its uptake (12), but this DNA appears to be rapidly degraded (11). 

Under optimal conditions, ju ^ig 01 naKeu piasmiu ialn/\ injected into a 
mouse muscle (without any enhancing maneuver) can lead to the synthesis of 

^>J\J\J llg UI 11U11SCU1CLCU 1CJJU1LC1 piULClll ^lUUllCIiAJSC; \±UJ. HI Ulll llilllUtS, SC1U111 

values of secreted proteins have ranged from few picograms per milliliter 
lu uvw juu iig/iiii^ (^^/. -cviaenuy, scvciai iactors nave an enect un mese 
results, from the vector components (promoters, introns, and terminator 
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immediate-early enhancer-promoter (IE-EP) is highly effective in most mam- 
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x i/cuv piULClll i^vna cu.^ uouanj uulShv^u j. — z^ vvjv cixtv^i 1111 j^nr-v cuj.1-Iiiiij.l3u.ci- 

tion. As discussed below, expression is increased by pretreating muscles with 

cim^ocin^u.^ ctgv^nto ljuui cto uupiva^amu, vv iiiv^ii niiau^^ ci puciov^ ui i^gniwauun 

from local satellite cells. Typical results are shown in Figs. 1 and 2. The 

nArcictpnpp r\T pvnrAccir\n ^fonAC rrTv^otlw fO ti/L^ tr\ /"^aj^t - 1 ^t-t-^ HpnAtininrt r\n tnp 

antigenicity of the product and probably other factors. For example, genes 
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mice (^^^ Fig. 2), but for several months in severe combined immune deficiency 

f*sr^Tr^ ttitpp fr\r\t climun^ A/Trir^o^/^r ■r\r^\^\\^^^t^^\r^ nf nanimmnnnffpnif' ^cf^lf^ 
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proteins in immunocompetent mice can persist at significant levels for >6 mo 

fnllnwincr DNTA nrlminictrntinn (vpp F'io \\ 

Thp tprnnimip nf rmVpH F^NTA iniprtinn hnc hppn mnct \x/irlp1\7 fmnlipH for 
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immunization purposes. Plasmids encoding an antigen (i.e., DNA vaccines) 
1~mvp been used to elicit soecific humora] nnd cellular immune resoonses nanin<;t 
a wide variety of antigens in several species, including humans (reviewed in 
ref, 9\ Responses involve all arms of the immune system (humoral, Th cells, 
and cytotoxic T lymphocytes [CTLs]) and are both potent and long-lived, at 
least in certain animal models. Several investigators have codelivered cytokine 
genes, on the same or separate plasmids, to either attenuate or potentiate 
immune responses to the encoded antigen (14). 

7.2. Systemic Delivery of Therapeutic Proteins 
by Direct im DNA injection 

Although the initial focus was on vaccination, recently im gene transfer 
for the production of therapeutic proteins has gained more attention. Skeletal 
muscles are easily accessible for injection, and the large mass and nondividing 
(postmitotic) nature of these cells provide advantageous features (6,7). Skeletal 
muscles are highly vascularized, so that secreted proteins can readily enter the 
circulation. Moreover, the persistence of gene expression has generally been 
much greater in muscle than other tissues. Therefore, skeletal muscles can 
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Fig. 2. Time-course of reporter gene expression in normal and regenerating muscle. 
Female BALB/c mice (4-6 wk, n = 6-8) were injected with 50 jxg of VR1255 7 d 
after a 0.4% bupivacaine muscle pretreatment (bupivacaine induces regeneration 
from satellite cells). Control mice did not receive bupivacaine and were injected with 
equal amounts of VR1255. Muscles were excised at various time-points and tissue 
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bupivacaine pretreated muscle: open circles. 



be used as in vivo biological factories for stable and long-term svnthesis of 
therapeutic proteins (15,16). 

1.3. Autoimmune Diabetes in NOD Mice 

The nonobese diabetic (NOD) mouse develops diabetes spontaneously, 
through an autoimmune process that shares many features with human insulin- 
dependent diabetes mellitus (IDDM or type 1 diabetes) (17). Strong evidence 
suggests that Thl cells and macrophages, which infiltrate islets of Langerhans 
(insulitis) and secrete inflammatory cytokines, play an important role in beta 
islet-cell destruction (18-20). We focused on the potential immunoregulatory 
roles of transforming growth factor-pl (TGF-pl) and interleukin (IL)-4 in this 
disease. TGF-(31 is a cytokine with multiple suppressive effects on T-cells, 
B -cells, natural killer (NK) cells and macrophages (21-23). IL-4 promotes Th2 
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Fig. 3. IFN-yR/lgGl-Fc serum levels after im plasmid delivery. CD-I mice received 
two inoculations of 200 u.g of plasmid encoding IFNyR/IgGl-Fc (100 ^g/muscle) 
spaced 1 wk apart (wk and 1). The results represent the serum levels of IFN-yR/ 
IgGl-Fc fusion protein (± SEM) in these mice, as determined with an enzyme-linked 
immunosorbent assay. The fusion protein was not detectable in the serum of blank 
vector-treated mice. 



cell differentiation and, like TGF-pl, suppresses Thl cytokine production and 
inhibits macrophage activity (24-26), 

Intramuscular injection of plasmid DNA-encoding latent TGF-pi (pCMV- 
TGF-pl) resulted in uptake and expression of this vector by muscle cells (27), 
TGF-pl serum levels were increased by twofold to fourfold for >2 wk. The 
production of TGF-pl protected NOD mice from autoimmune insulitis and 
diabetes, with or without cyclophosphamide (CYP)-mediated acceleration, 
pCMV-TGF-pl -treated NOD mice had low insulitis scores and depressed 
IL-12 and IFN-y mRNA expression. A plasmid encoding an IL-4/IgGl-Fc 
fusion protein was also protective (28), presumably through its ability to favor 
Th2 responses and/or suppress macrophage activity. 

1.4. Experimental Allergic Encephalomyelitis 

Experimental allergic encephalomyelitis (EAE) is characterized by perivas- 
cular leukocytic infiltration (CD4+ T-cells and macrophages) and demyelination 
of the central nervous system (CNS), There is compelling evidence for a role 
of inflammatory cytokines produced by Thl cells and macrophages in the 
pathogenesis (29-32), We found that administration of plasmid DNA-encoding 
either TGF-pl or IL-4/IgGl-Fc delayed the onset and considerably reduced the 
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severity of EAE (33). Gene transfer of either cytokine had suppressive effects 
on myelin basic protein (MBP)-stimulated T-cell proliferation and cytokine 
production. Protection from EAE correlated with a significant decrease in CNS 
histopathology and inflammatory cytokine production (IL-12 and IFN-y), with 
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7.5. Protection Against Lupus or Autoimmune Diabetes 
with IFN-yR/lgG1-Fc-Expressing Plasmids 

J.VXC111J ^ y CV^IVIH^ ClL/llWllllClllLlV^O 11CI V V^ U^V^ll UUiJVllU^U 111 1UJJUO, VV1U1 HlV/l^aO^U 

levels of IFN-y in serum, lymphoid organs, and afflicted tissues being the 

fr»rAO<" cnliont faaturo /Ml TCW m mr Tln\T m rar>dntrti" I TIhM j/l? I rra-na onloti An 
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or soluble receptors, prevents or delays onset of murine lupus. In contrast, 

qrlmimctfQtinn r\f TThNT-V QfrAlarfitpc r\p*\7^nr\m(*-nt rvf liirnic 
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For our immunogene therapy studies toward neutralizing IFN-y, we con- 

ctrur'tp'H Qn pynrpccinn r\1cicmirl f\/T? TFlSTvR l^csC* 1 ^ f*r\ncxr{\r\ rr cm TTh1SJ_vT? / 
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IgGl-Fc (all murine) fusion protein (28,34). As in a previous study (33), the 

r-DKTA cpcrrnpntc were incerteH into VI?19S^ (\l\m\ Trir Sinn Diean f^A^l a 

plasmid selected for its high expression in muscle (76). In transfected cells, 
TFNT-vR/TafTl -Fr waq secreted ^ a disulfide-linked homodimer that stron&lv 
inhibited IFN-y activity. Fusion proteins with Fc segments offer advantages 

over native nrnteins siirh as nrnlnnaed half-life higher aviHitv for the li^ranH 
^ , „^ xxc — , „ ^^ x — , ^ — — i^xwxvyxxg „^. ^^„, — g, — ^ ^ , ^ — _, ^^^ xxg«x — , 

and ease of purification. Murine I^Gl-Fc was chosen because I^Gl does not 
activate the complement and has a long half-life in serum. However, other IgG 
isotypes can be mutated to remove their complement-activating ability. 

Intramuscular injection of a total of 100-200 \ig of VR-IFN-yR/IgGl plas- 
mid into the TA and rectus femoris (RF) muscles of CD-I or NOD mice (28.34) 
resulted in serum IFN-yR/IgGl-Fc levels ranging from 100 to 300 ng/mL 
for >4 mo and detectable levels for >6 mo after the last DNA iniection (see 

J V 

Fig. 3). These protein levels are superior to those we have obtained with vectors 
encoding other oroteins. This mav be oartlv exolained bv the nonimmunoeenic 

<s x J J: J Jr J i~j 

nature of the murine IFN-yR/IgGl-Fc fusion protein. Furthermore, improved 
expression mav be related to the neutralization of IFN-y, because IFN-Y can 
suppress transcription promoted by the CMV enhancer-promoter, which is 
contained in the VR1255 plasmid. 

Although results were comparable in CD- 1 and NOD mice, there were much 
lower levels of soluble receptor in the Fas -deficient lupus-prone MRL-Fas lpr 
strain, which has severe early onset lupus, and massive lymphoaccumulation 
(primarily of double-negative T cells), and produces strikingly large amounts 
of IFN-y. In the latter mice, the soluble receptor is possibly sequestered into 
tissues or vector expression is suppressed by residual IFN-y. 
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To enhance systemic fusion protein expression in MRL-Fas~ pr mice, we 
coupled im injections of naked DNA with local electroporation (35). Shortly 
after the injection of DNA, application of low-field-strength, square-wave 
electric pulses through external or invasive electrodes augments gene transfer 
cmuiciiuy uy i lu j ui ucit) ui iimgmLuuc {ouj. vviicn cicuuupuiituuii was cippncu 

to MRL-Fas lpr mice, the serum IFN-yR/lgGl-Fc levels exceeded 100 ng/mL 
anu ii i>-y serum icvcis wcic uuiis^quciiu^ icuu^cu {*?*>/• inus, electroporation 
enhanced gene transfer in these mice and it is likely that this technique will 
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primates, gene transfer following the im administration of naked DNA is not as 
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by electroporation, protected prediseased MRL-Fas lpr mice from early lethality 

or-i/~l rann r»c*.r\ niitnontinnrlir i"i tare* ranol /iioaoca nr\r\ r\ t o i"<"vl i"v rri r» m nrl^arci /~*T liimic 
C111U l^UU^WU CltltV^Cllll-lUW^J UlUO, IV^lldl UIO^CIOV^, Cillia UlOlUlUglV HaCUaVV^IO VI 1UJJUO 

(35). Most importantly, when therapy was initiated in 4-mo-old diseased mice, 

ciir\7i^rol iijoc AvtpnrlArl r\^\Tr\rtr\ pvnAr>tnhf\nc \171tn I C\C\0/^ r\T mir»<=k olii7<=k of 1/1 mr\ r\T 

age compared to none in the control group. Remarkably, disease was arrested or 

(±\T(±ir\ ampklirvratpkrl in t\\(± ^^1^1^1*1 mental rrT"r\iir\ Thi^ CL-ffcLr t t-t\7CLriCLCQ r\"f tVtic trAQtmAnt 

CTVll U111V11 VI ULVU 111 U1V V/V L/Wl 1111V/11 IU1 ClVUlJi 1 11V Vll WU Y V11UJO V^X 1.1J.J.IJ L1V/UL111V111 

in late disease is, to our knowledge, unprecedented. 

Tnfprfprnn.v nnnporc tr\ n1ci\^ cin imnnrtont r\QtVir\(Tf i nir' rol^ in enm^ mrirl^lc of 

AAA IV1 -LV^A Vll f UL/L/VU1J VV J_/A»*\ Wll 1111L/U1 mill k/MUlVtVlllV 1V1V AAA OV111V 111VUV11J V^A 

diabetes, including the NOD mouse (18-20). We observed that im gene transfer 

nf mir TTnlSJ-vR/TcrfT 1 -Tnr'.pnr'nrl.na nlncmiH nrpvpntfrl inciilitic nnrl HiahF'tpc in 

■V^-l- V V4-X AX AT j iYi _».*— ^_^ J. M. ^^ -^ AA^ V-» X^-J-AJ.*— L/lliJllll X^»- I-' A ^ » ^A A V^ X^f- 111U U-ll VA kj U11VV U-ltil/ ^ l-WO AAA 

eith^i" the multinle-low-dose ctrpntnyntnr'in rSTy^Vinduced diabetes riVTDSD^ 

^^A VAA'WA. VAA^ A A A Wl> A VA |_/ A ^ A Vv' T T Vl-V/ kj 'W U VA ^ |_/ VV^ M—i ~^J VV^ '^^AAA \ +*J X f_^J / A A A X^#- V* ^ ^ X^»- X^»- A V* *_^ '^^ V^^ kJ \ A T A-J-^' K-^ J_-^ / 

model in CD-I and C57BL/6 mice or in NOD mice (CYP-accelerated or 
spontaneous^ (28,34^. This is consistent with the finding that administration 
of either STZ (CD-I, C57BL/6, or NOD mice) or CYP (NOD mice) induces a 

burst of TFN-v release and rarviH onset of diabetes 

^ A ^ , j ^_ „„ ^^j^ A A 

7.6. Other Studies 

A number of laboratories have successfully used im injection of cytokine 
nlasmid DNA for in vivo modulation of immune resnonses in models of 

A A 

lupus, arthritis, autoimmune diabetes, colitis, and other immunologic disorders 
(13,37-40). TGF-61. IL-4. and IL-10 have been most freauentlv orotective 

\ ' ' I " " J.^A 

in these diseases. 

7.7. Plasmid DNA Expression Vector Design and Construction 

The essential components of plasmid DNA vectors designed for vaccination 
or therapeutic protein delivery are the same as for conventional eukaryotic 
expression vectors (16), namely a coding DNA sequence (cDNA), an upstream 
enhancer-promoter and a downstream polyadenylation signal (poly A)/mRNA 
termination sequence (which may be isolated from a range of mammalian and 
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viral sources), and a bacterially derived plasmid backbone containing both an 
origin of replication (ORI) for Escherichia coli and an antibiotic resistance 

"I "II 1 "Tfc JW~ "1*1 * ""I # * * 

seiectaoie marker. Many piasmiu expression vectors aiso contain mtronic 
sequences, which have been shown to greatly increase gene expression within 
transfected cells. The enhancer— promoters that have been most widely used 
for DNA vaccination and systemic protein delivery are the CMV IE-EP and 

uic i\uu5 ^aiwuina viiiis iung icniiiiicu icpcat ^rvo v-i^irv^. v^uinpaicu lu musi 

other promoters, these are excellent for mediating the highest levels of protein 

^Api^aaiun uy in viliu uaiiaic^Liun ui v^c;ii iinc;&. j.ii vivu anu in viliu ^Api^&aiuii 

may differ, and plasmids should be tested in vivo to confirm their efficacy. 



2. Materials 

2. 1. Plasmids 

1. pCI-neo obtained from Promega (Promega, Madison, WI). 

2. pCDNA-1, pCDNA-3 plasmids purchased from Invitrogen Corp. (Carls- 

1 J /"I A \ 

uau, UAj. 

3. VR1255, VR1012 kindly provided by VICAL Inc. (San Diego, CA). 

2.2. Enzymes 

1WJU1VUV11 VlliJjlllVLJj lliULlVU^ J. J. *^ L/VlVlllVlULIVJ U11U J- W T V^-L U W U W11D V±1[J tUDVU 

(Superscript preamplification system) can be obtained from a number of 

a Vllti l/ a^' u v^ KA.A- ^/^ u • a aam,a iiiuviw i j_^ Ulv v* *_ / X X w> a t X vnu w w^a* ^-x C1XJ-C1 V4-C1 / * x^j a t/ w v^ J-/ X ^j — rf 

ffrfiithpr<;V»iircr A/TD^ Prnmpcrfi flVT^rlicrm WTH Mp.w lnnal^nrl T^inlnhQ f"Rpvp.r1v 

\ ^_* WtX V11VX kj *_T Wx «. » AT AA_^ / » X A V/lllVCkii \ J. T XCiXj-1 U V_/J.A* T T A / • AT W J T J-^ll WldllVt JJ- J. V^ A kt *_^ U 1 J— *■ ^ f WA A T • 

MA), and Stratagene (La Jolla, CA). 

2.3. Luciferase Assays 

A highly sensitive luciferase assay kit is available at Promega (Madison, 
WI). Purified luciferase may be obtained at Analytical Luminescence Labs 
(San Diego. CAY 



e> " 



2.4. Nucleic Acid Purification 

Purification columns may be purchased from Qiagen (Valencia, CA). The 
Limulus amoebocvte endotoxin detection kit can be purchased at BioWhittaker 

m/ A 

Inc (East Rutherford, NJ). Total RNA may be isolated from stimulated cells 
using RNAzol B reagent. 

2.5. Eiectroporation 

An Electro Square Porator model ECM830 can be purchased from BTX 
Corp. (San Diego, CA). Conductive gel can be purchased from Perrier Medical 
(PER 100/1; Montreal, Quebec, Canada) and calliper electrodes can be obtained 
from BTX Corp. (San Diego, CA). 



Gene Therapy with Plasmids 161 



Z.O. AnuDOQIBS 



Antibodies can be obtained from the following sources: purified anti-IFN-yR 
MAb (clone GR-20; obtained from ATCC, Rockville, MD), rat biotinylated 
anti-mouse IgGl (PharMingen Canada, Mississauga, Ontario), and alkaline 
phosphatase-streptavidin conjugate (Bio-Rad Laboratories, Hercules, CA). 

o. ivieinous 

3. 7. Plasmid DNA Vector Construction and Expression 

1 . A number of plasmid DNA expression vectors have been described for im injection 
protocols, with varying degrees of success. In our hands, pCI-neo and pCDNA-1/3 
have generated satisfactory results. For optimal intramuscular expression, we 
resorted to VR1255 (16). In the latter plasmid, a luciferase (Luc+) gene is under 
the transcriptional control of the human CMV IE-EP and downstream of the 
human CMV intron A. Transcription is terminated by the minimal rabbit p-giobin 
terminator. Luc+ encodes a modified luciferase, which preferentially localizes in 

LUC Cj uupiaain. v j.vaz^^ iiao uuwi oiiuwu ikj uv^ lai aupunui ^uu-iuiu; iu owvicu 

other plasmid vectors for direct im injection of naked plasmid DNA (16). As 
control plasmids, we used either VR1012 or a blank VR1255 (Luc+ gene deleted) 
which do not encode any protein in mammalian cells. Expression capability of 
a given plasmid DNA expression vector for im injection may be assessed by 
performing luciferase assays from injected skeletal muscle tissue. 

2. Cytokine and cytokine receptor coding sequences may be produced by reverse 
transcription-polymer chain reaction (RT-PCR) from Con A- stimulated spleno- 
cytes using gene-specific primers containing proper restriction sites at their 5' 
and 3' ends to allow cloning into the appropriate vector. 

3. Total RNA may be isolated from stimulated ceils using RNAzoi B reagent. PCR 
amplification of cytokine/cytokine receptor cDNA should be done with Pfu 

UUljlllVlUJ^, ¥V 111V11 J_/VjL3L3\^kJkJ\^k3 Ul Wll VUU111C \^fJLLJIA,U±±± IJA^kJ . Ill tii\^ V^CtOX^ VJ1 lllUllll^ 

TGF-pl, we cloned its coding sequence into compatible enzyme restriction sites 
of nCI-neo to generate nCMV-TGF-61. The murine TGF61 cDNA is under the 
transcriptional control of a CMV IE-EP and downstream of a chimeric intron. 
For optimal im expression, we subcloned into compatible enzyme restriction 
sites of VR1255, in place of the Luc+ gene, to generate pVR-TGF-pl, which 
encodes the latent form of TGF-pi. 

4. Before using a new construct for im injection, it is suggested to test it for 
expression and bioactivity. Plasmid expression is confirmed by transiently 
transfecting COS-7 cells and assaying the supernatants (48-72 h, enzyme-linked 
immunosorbent assay [ELISA] or Western blot) for secreted plasmid-derived 
products. RT-PCR analysis is also performed to detect vector-derived mRNA. 

Th^ Intent TTTIh-R 1 urac ftr-ti^/nt^r! Vm n^irlifir > ntir»n nnrl r\ dp* ftp* A V\\r PT TQ A nnH ite 

A. 11V XUtVllk A. V — PA *J 1. TT U.LJ U V tl V Ul-VU KJ J CIV* 1 Ul 11 W <XV 1 W 11 U11V1 U V k VV k VU KJ J A — rfl — /J.WJ ± 1, U11U XtJ 

bioactivity was confirmed by the CCL64 mink cell line proliferation assay. Both 
the ELISA and bioassav detect onlv active TGF-61. The seauence integrity of 

*r *r 1.1. C^ *r 

the subcloned cDNA should be confirmed by DNA sequencing. 
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5. Plasmid DNA expression vectors encoding IFN-y have also been constructed in 
a similar fashion. In addition, one can also simultaneously express two different 

r-nHina cpnupnppQ in thp cnmp PYnrpccinn r-nccpttp Thic ic nr-hipvpH V\\r cnhr-lnnina 

the respective coding elements on either side of an internal ribosomal entry site 
(IRES), which allows for translation of two coding regions from the same mRNA. 
In our laboratory, this approach was applied for the cloning and expression of 
IL-12 p35, and p40 subunits. 

3.2. Construction of IFN-yR/lgG1 Expression Vector 

1. In some instances, cytokine/cytokine-receptor IgGl-Fc fusion products are 
reauired because thev offer numerous benefits such as increased serum half-life 
and higher avidity to its ligand. Our laboratory has constructed murine IL-4/ 
IgGl-Fc and IFN-yR/IgGl-Fc fusion plasmid expression vectors. 

2. For the production of such plasmid constructs, the coding sequences are fused 
to a murine IgGl heavy-chain segment (part of CHI, hinge, CH2 and CH3) by 
overlap PCR gene assembly (28,34). 

3. Murine IgGl-Fc is used because it does not activate the complement system. 
The resulting fusion product was then subcloned into VR1255. COS-7 cells 
transfected with these plasmids secrete a disulfide-linked homodimer. 

4. The construction of an interferon-receptor/IgGl construct is described as an 

ay Qmnl p A/Tmiep HhNT-vT? rY_r>hain r»T^NTA \i/qo r\re*r\ar£*r\ Irwr RTlPfT? frAtn thp 

WlUlllLIlVi 1I1VUJV 11 il I A ^" V * V111U11 VlVHi 1 WHO UlVpiUV/U \J J J-^.A 1 >^1^, 11 VS-L-I1 H-IV 

RNA of lipopolysaccharide (LPS)- stimulated mouse splenic cells, and amplified 
with the following pair of primers: 5 '-TAG TAG GAT ATC CTG TCA GAG GTG 
TCC CTC GCG CAG GAA-3' (sense) and 5'-AAC GTT GCA GGT GAC GGT 
CTC GCT AGG AGG GAT ACA GAC GTC TTT CGA T-3' (antisense). 

5. Mouse IgGl constant heavy-chain cDNA was produced by RT-PCR, from RNA 
extracted from an IgGl -secreting hybridoma, and amplified with the following 
pair of primers: 5'- ATC GAA AG A CGT CTG TAT CCC TCC TAG CGA GAC 
CGT CAC CTG CAA CGT T-3 ; (sense) and 5 '-TAT TAT GAA TTC GAG GTA 
GGT GTC AGA GTC CTG TAG G-3' (antisense). 

0. in cm uascs, rLK cuiipiiiiucuiuii wets pciiuiincu wiui iriu LJiyi\ puiyinciasc. 

These PCR-generated cDNA fragments were designed for overlap, as we have 
described OR ^d\ TTip TFNT-vR/Tof^l-pnrnrlincr seaiience was generated bv Pf^R 

amplification of the overlapping DNA segments. 
7. This segment was then inserted into EcoKV and EcoRl restriction sites of the 
VR1255 vector, after deletion of the original luciferase cDNA segment. 

3.3. Transfection of COS-7 Cells 

1. COS-7 cells were transfected with VR1255-IFNvR/IgGl plasmid DNA (exam- 
Die) using a QtflnHnrH DNA— rnlriiirn nhnsnhntp rnnrprinitatinn technioue 

2. Cells were maintained in Dulbecco's modified Eagle's medium (DMEM) with 

5% fetal bovine serum (FBS) at 37°C in 5% C0 2 . 
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J. oupeniaujins wcic uuiicuicu <xi IL 11 tuiu siuicu ai ^.-ou ^. 111c jjiuuuuuuii ui 
the secreted IFN-yR/IgGl-Fc fusion protein was confirmed by detection in 

ciinprnntantc with c\ cnpriflr 1 PT T^l A ( ?&£> ^iiVili^Qrlino ^ 4 ^ 

4. Biological activity was demonstrated by neutralizing TFN-y- stimulated NO 
production in RAW 264.7 cell lines. 

3.4. IFN-yR/lgG1-Fc Fusion Protein ELISA Assays 



Enzyme-linked immunosorbent assay detecting IFNyR/IgGl-Fc fusion 
as follows: 



nrr\t ai n nut tint nat"ii7<a TIhM-mT? \i7hir»h IopVc Trr/^1 nAtprrmtiantc xijcio -r^^T-ivvr-nrn^H 

l_/l V^I.V-'lll, UU-l 11WI. 11WU V ^ XX llflV, VV 111V11 1UHVJ 1CVJ1 UV^Vl 111111U11 lO ? VVUJ LTW1U1111VU 



1. 96-Well plates were coated overnight with purified anti-IFN-yR MAb (clone 
GR-20) in carbonate buffer, pH 9.6, at 4°C. 

2. After washing with phosphate-buffered saline tween (PBST), the wells of the 
plate were blocked with 3% bovine serum albumin (BSA) for 1 h at 37°C. 

3. As a second layer, culture supernatants or sera were applied to the plate for 



1.5 n at 37 C 



4. After additional washings, a third layer consisting of rat biotinylated anti-mouse 

Tnf~J1 \i7QC arvr\1i£»r1 in tVi£» nlatp 

1C,\J X VYUJ H.l_/l_/J.i\^VA \*KJ IXJ.W LTlUlVi 

5. This was followed by washing and incubation with alkaline phosphatase- 
streptavidin conjugate. The reaction was develoned and read bv a standard method. 

A *T *S A mf 

3.5. Plasmid DNA Preparation 

1 T offvtfi_c/->cil^ r\1aemir1 TRIVIA i-.f£»i-.c.r*c.ti r.r.e nrp i-.vr.r.nr»^r1 Kir tl"i£i c.lVc.lir»^» lirQic mAtliftfl 

X. XJUXCLV^ DWUXV LyXUiJJXXLVl J-'IU X L/lVL/tUUUVllJ IUV LTH7UUWU l_/V U1V U11VU1111V 1 j J1J 1 1±\> IX 1V/\J 

using a Qiagen Endofree Plasmid Mega kit. 

2. All olasmid nrenarations for im iniections are resusnended in sterile 0.85% 

A A A J A 

saline. Spectrophotometric analysis should reveal 260/280-nm ratios of 1.80 
or higher. 

3. Plasmid DNA preparations should be free of bacterial RNA or genomic DNA, 
as visualized on a 1% agarose gel. Gel electrophoresis is used to confirm the 
percentage of supercoiled plasmid (greater than 95%). 

4. Plasmid identity is confirmed by restriction endonuclease analysis or PCR using 
gene-specific primers. 

5. A limulus endotoxin assay should be performed to ensure minimal LPS contami- 

11C4U.VJ11 111 U1U 1111C11 LJlCtOllllVi \-J L\r^ pivpcucixiwii ^JfC l^V»l,V m~). 

3.6. Intramuscular Injection of Plasmid DNA 

1. Mice are anesthetized by ip injection with xyiazine (10 rng/kg) and ketamine 
(200 mg/kg). 

The* RTh unH/rvr TA miic^l^e^ nf ^nr-ri mnncp twe* inipr-t^rl \xrith n fl ^_^tyi-^ etprilp' 

^^ • 111V A A.A. UllVi/ WA A. J. A lllULJVXVy kJ I W A VUV11 111V/ UtJV tiX V AAA VV l-VVJ VTA Ul fc* \J m *~S Vlll kJ IsWA AAV 

29G1/2 insulin syringe, fitted with a plastic collar to limit needle penetration to 
2 mm. Mice usuallv receive 25-100 us of nlasmid DNA ner muscle in a 
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maximum volume of 50 fiL of sterile saline. Other muscle groups may also be 
targeted, but RF and TA muscle groups produce more consistent results. 

^ C^nnirrA mipp rc*rc*\\rc* pnnnl atnniints nf an nnrvrnrvrifitp r-nntrnl fiicnrilKf KlnnV^ 

vector. When two plasmids are mixed, all mice must receive the same total 
amount of plasmid DNA, as the plasmid backbone may have immunostimulatory 
effects (see Note 2 below). 

4. To ensure that the im injection technique is properly performed, we recommend 
preliminary injections with luciferase-encoding plasmids followed by luciferase 
assays on treated muscle groups. (See Notes 2 and 3.) 

5. To increase gene expression, one may also induce muscle regeneration with local 
anesthetic agents such as bupivacaine (Marcaine) (41). (See Note 4.) 



o. £>neny, mice are anesineuzea ana i/\ muscies were mjeciea wnn ju \jll or a 



xJ.^t /C uupivavaiut auiuuun. 



7. Five to seven days later, 50 fxg of plasmid DNA is injected in each treated TA 



ttiiiqpIp (Rpp Nnfp 5 ) 



3-7. Electroporation 

Electroporation is currently the most effective method to increase gene 
transfer. We perform this technique as we have previously described (35) in 
anesthetized mice except that instead of invasive electrodes, we now apply 
caliper-type electrodes to the skin of the legs coated with conductive gel. 

As in other cases, DNA injection in the TA and/or RF muscles is done with 
the mice on their back. Gently stretch the hind leg and hold it down with the 
foot. To inject the TA, locate the tibia, the injection site is approx 1 mm away 
from this bone in the middle of the length of the TA. To inject the RF, locate 
the knee, the injection site is to the side, approx 5 mm above the knee. The RF 
muscle can be injected at more than one site depending on the age and size of 
the mice used. After injection, the muscle is covered with conductive gel and 
a caliper electrode is positioned on each side of the leg to be electroporated. 
Electroporation is done using an ECM 830 Electro Square Porator set at the 
low-voltage mode (LV) at 200 V/cm with a pulse length of 20 ms for eight 
pulses at 1-s intervals as recommended (2). Generally, the expression of a gene 
under the control of the CMV IE-EP starts to appear 3-7 d postinjection. 

o.o. Extraction oi LuciTercise irom oKeieicti iviusaes 

1. Mice were killed at various time-points postinjection in a C0 2 chamber. 

2. The entire tibialis anterior muscle was excised from each leg and immediately 
put in a ice-cooled 1.5-rnL microcentrifuge tube. 

3. Tissue samples were then quickly stored at -80°C until needed. 

A TJirnfiri mnc^lpc wTfzrfz rA c\ne±r\ in ■fm r 7C*n Itreie v*=»drv^r»t r>nt ir»tr» email r\ic*nc*c \i7itli 

T. J. 1 ViJVll J.iJ.t^kJV'-l.V^Lj VIV1V L/1UWU 111 HU^jVU J- V kJJ-kJ IVUgVlll V^Ul- 1111V J111U11 I_'-I.V>V»'V^|J VY1U1 

sterile scissors and completely homogenized with a hand-held tissue grinder. 

5. The entire homo denization nrocess was conducted on ice. Sterile Milli-0 water 

was added to the mixture, vortexed briefly, and centrifuged for 30 min at 4°C. 
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6. The upper phase was transferred to a clean, sterile, 1.5-mL microcentrifuge tube 
and stored at -80°C until assayed. 

3.9. Luciferase Assays 

Total luciferase activity is determined using a commercial kit. 



1. Briefly, 100 nL of luciferase substrate are added to 50 uL of muscle extract, 
properly mixed, and quickly placed in a luminometer. 

2. Light units are recorded many times within 10 s after addition of the substrate. 

3. The total luciferase content of the muscle sample is determined from relative 
light units using a standard curve of purified luciferase, which is diluted in 
muscle extract from uninjected muscles. 

. ii/. uympnocyte rroiueration ana a rector r unction 

1. To assess immunologic effects of cytokine/cytokine-receptor gene transfer, 
lymph node cells (LNC) or splenocytes (SPL) are prepared from draining lymph 
nodes of treated mice. 

2. Proliferative responses were assessed by incubating LNC or purified T-cell 
pupuiciiiuiis (l j— o x iU ~ cells/well) wiui speumu antigen, <xu.il-^ud (zv^n, 
0.5 fxg/mL) or Concanavalin A (Con A, 5 mg/mL). 

3 Thp rultiirpc nrp mnintninpH in Qf\-\\ieA\ flnt-hnttnm mirrntitpr nlnfpc fnr 79— Q^ fr 

at 37°C in humidified 5% C0 2 air. 

4. The wells are pulsed with 1 mCi/well of [ 3 H]thymidine (NEN) for the final 
8-12 h of culture. Results are reported as the mean counts per minute (cpm) 
of triplicate cultures ± SEM. Prior to harvesting, supernatants are obtained for 
cytokine production determination. 

3. 1 1. Determination of Plasma 7GF-p 1 Levels 

In order to minimize the activation of platelets and subsequent release of 
endogenous TGF-(31, platelet-poor plasma was obtained as follows: 

1. Whole blood was mixed with a 1.5% EDTA solution, mixed thoroughly, and put 
on ice immediately after blood collection. 

2. The blood-EDTA mixture was then layered gently on 20% sucrose and centri- 

3 Thp uooer two-thirds of the uoner nhase (nlatelet-Door nlasma fraction) was 

collected without disturbing the interface. 
4. Once separated, the platelet-poor plasma was frozen at -80°C until assayed for 

TGF-pfbyELISA. 

3. 12. PCR and RT-PCR Analysis 

1 . To assess nhvsical nresence of nlasmid DNA in iniected muscles. PCR analysis 
is performed with plasmid- specific primers. 
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/^ H jT* 1*11 1 1 j_1 " f l l A "I "1" 1 " j. 1 _£* * 1 " "1 

z. iviice arc kiucu anu meir i/\ muscies are exciseu, immediately irozen in nquiu 
nitrogen, and stored at -80°C. 

^ Tnt^l opnnmir FilSJA ic icnlnfpH frnm tVmwpH rrmcr'lp enpnimpne ncino pnnvpn- 

tional nucleic acid isolation protocols. 

4. The PCR reactions is performed in a 50- uL reaction volume containing 2.5 ixL 
of genomic DNA, 10 mM Tris-HCl (pH 8), 50 mAf KC1, 2 mAf dNTP, 5 mM 
MgCl 2 2\xM of each primer, and 1.5 U of Taq DNA polymerase. 

5. General PCR cycling conditions may include the following: one cycle at 94°C; 
30-40 cycles at 94°C for 1 min, at 55°C for 2 min, and at 72°C for 2 min; one 
final extension cycle at 72°C for 10 min. 

6. The PCR amplimers are analyzed on a 1.5% agarose gel containing 0.5 [ig/mL 



n\T a 



eimaium oromiae. vecior-aerivea nmi>j/\ in ireaiea muscie is aeieciea oy 



1V1-JT ^±X. 



7. Briefly, total RNA is extracted from injected muscles and reverse transcribed 
with the Superscript ^reanvnlification system. One to two microliters of the 
reverse-transcription reaction is then used for PCR amplification. 

8. Semiquantitative, competitive, or quantitative PCR (Real-Time/TaqMan PCR) is 
then performed using cytokine- specific primers such as IL-12 p40, IL-4, IFN-y, 
TGF-pl, and p-actin. Optimal nonsaturating amplification conditions are carried 
out (PCR reactions are terminated in the linear portion of the amplification reac- 
tion) and PCR products are analyzed on 1.5% agarose gel containing 0.5 [ig/mL 
ethidium bromide. 

9. In some instances, RT-PCR may be coupled with Southern blotting to achieve 
greater detection sensitivity. In this case, PCR products are transferred onto 

ci iijuwnvj - i>x njiwii iiiv^iiiuj-ciiiv ci-Liv^i. ^iv^uuupivji^aij uy vavuuin uiuiuiig, auu 

hybridized by incubation with 32 P-labeled cDNA probes. 

10. Cytokine probes consisted of 25 nucleotide oligonucleotides that bound to 
internal portions of PCR amplimers. Probes were prepared by labeling 50 ng 
DNA with [a- 32 P]dCTP using a T4 polynucleotide kinase kit. 

11. Blots were either exposed to autoradiographic film or subjected to Phosphorlm- 
ager analysis. Semiquantitative/quantitative mRNA analysis is conducted by 
calculating relative quantities of RT-PCR signals for each cytokine, normalized 
to the p-actin signal of each sample. 

4. Notes 

1. DNA made from bacterial cultures contains important quantities of endotoxin 
(LPS), which can act as an adjuvant in vivo. Different plasmid DNA preparations 
can vary significantly in LPS content. To ensure that the LPS content is low in 

+U-. ~1„ ~*J «„ — „~~+* „ T ~ „ ~~, A +U„+ ~„~U 1~+ U~ + ~„ + ~-4 „ T *+U „ limnlno 

111C JJlclSllllU jJlCJJcllcUlUll, WC 1CUU111111C11U Lllcll CclUll 1UI UC LCSICU Willi <X 11111U1US 

amoebocyte lysate assay. Routinely, we use commercial low-endotoxin DNA 

nnrifl rati nn rnlnmnc f^pnprnllv rpQiiiTn-rhlnriHp mirifirntinn nrntnpnlc nlcn 

Y* V*A 111V V* *-A V^ A A ^*- -W A U.11111 U • -*^P '•^AA^^'A WAA J J 'V ^^ U A V* A A A Vlll ^V A AV*V |u^ V*A 111V *-* VA X^f AA L/ A V^r %, X^f *^ V A U Ul U 'V^ 

yield low levels of LPS contamination. However, cesium-chloride purification is 
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iauor intensive anu requires tue use 01 ethidium uromiue, which is a carcinogenic 
compound. 

9 Thp C*r\Cr-f t fMntc\\n\na immnnnctimnlfitnru cpniipnr-pc fTSS"! of nlncmiH l/prtnrc 

induce production of inflammatory cytokines. ISS are numerous in most plasmids, 
but some authors have produced plasmids that are partially depleted of these 
sequences. The ISS have a beneficial adjuvant effect in DNA vaccines, presum- 
ably by stimulating production of IL-12 and IFN-7. However, viral promoters 
(such as CMV IE-EP) are cytokine sensitive and we believe ISS to have a 
negative impact on the duration of gene expression. We and others have often 
observed a substantial decrease in expression by 21-30 d after DNA injection. 
In particular, we have noted this effect with various cytokine genes. However, 



as snown in r lg. j, long-ierm expression can oe acmevea wnn some proieins, 

-*^ j-k -*W- inn m-i«lTT -t t 4- « /~v t t i-k -*• i-k ■*■■* .r^. +■% -t *v\ *v\ t t -*-■* s-*i. r*r /-v ■#■■* -t s^ j-k -#--\ j~4 / ^-x. -*• i-k *-k 4- -t -i *-k 4-1 *"k -fVk -fVk *"k 4- .rx -**t t .rx -*• -it 4- « i-v 

paiii^uiaii^ 11 ui^y ai^ iiuii-iiiiiiiuiiug^in^ anu/ui anu-iiiiiaiiiiiiaLui^, ui n un^ 

recipient mice are immunodeficient. Notably, in DNA vaccination experiments, 
rpsnnnrHna T-cells have been reported to kill nntiapn-nrnduciria mvoevtes It 
seems likely that several mechanisms can terminate vector expression. 

3. The TA and RF muscles are the most frequently targeted in naked plasmid DNA 
injection protocols. 

4. Muscle regeneration induced by anesthetic agents, such as bupivacaine, can 
greatly improve plasmid DNA uptake and expression in mouse skeletal muscles, 
presumably by increasing the proliferation of satellite cells in the muscle (41). 
Following bupivacaine injection, muscle necrosis occurs within 48 h and is 
followed by satellite cell proliferation and myotube formation. Our results show 
that bupivacaine-treated muscles are superior to untreated muscles for foreign 

nana Qvnfappirtn l-\£S/-»rm na ranmri- ar miT£ilo tira (HfYfiirinntinTf inr>f£inoarl o+ airatnr titna 
gV^ll\^ VApj-VOOH^ll, UV^ClLiaV IV/pVJllV'l 1VVWJ Cl±V^ OlglllllV^ClllLlJ IHV-LVCIOV^U CIX \s VV^lj UlllV^ - 

point postinjection. Despite its obvious effect on the magnitude of luciferase 
levels, bupivacaine-induced muscle regeneration did not significantlv nrolon? 
foreign gene expression. Electroporation can also damage muscle and, in addition 
to facilitating the entry of plasmids into myocytes, it may have effects similar 
to bupivacaine. 

5. Muscle type, age, and sex are all factors that may influence gene uptake or 
expression. For instance, different muscle groups express considerably different 
levels of reporter protein. Gene transfer is much more efficient in rodents that 
in larger mammals, although gene expression has been reported in humans in 
DNA vaccination and other studies. The factors determining gene expression 

vanuua species nave nui uccn ciuv^iuaicu, uui nicy may in^iuuc uic i,ypc ui 
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Interferon-^ Gene Therapy 
for the Treatment of Arthritis 

Yuti Chernajovsky, Hanna Dreja, KostasTriantaphyllopoulos, 
and David Gould 



1. Introduction 

Interferons were originally described as antiviral agents by Isaacs and 
Lindenmann (1). From its subtypes, fibroblast interferon (IFN-p) (2) was 
also found to have important cytostatic (3,4) as well as immunomodulatory 
functions (5) that have been advantageous for its clinical use both in cancer 
(6) and in autoimmune disease conditions such as multiple sclerosis (7,8) and, 
recently, in rheumatoid arthritis (9). As with many other cytokines, its local 
production is well controlled and environmental factors affect its expression, 
IFN-p has direct effects on the majority of cell types in the body, as its receptors 
are widely expressed in all tissues. Its use as a recombinant protein is limited 
because of its short half-life and production costs and its systemic delivery 
(subcutaneously) is inefficient, done at high doses and for long times using 
periodic administration. We and others have shown that the delivery of secreted 
biological compounds such as cytokines or their inhibitors (e,g„ their soluble 
receptors) by gene therapy (10-13) can in a single administration achieve long- 
term therapeutic effects at doses that are various logs of magnitude lower than 
those used with protein therapy. Gene therapy could also be designed to deliver 
the gene product locally, or its transcriptional control could be engineered so 
that is regulated using exogenously added drugs (14), IFN-p, as some other 
cytokines (e.g., interleukin [IL]-4, IFN-y) is species-specific, and in order to 
obtain appropriate biological responses in mice, we had to clone the mouse 
gene by polymerase chain reaction (PCR), Although the mouse gene was 
originally cloned in the 1980s (75), reagents against mouse IFN-p have become 
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commercially available only recently. Both recombinant mouse IFN-p and 
antibodies were not accessible, as there was not extensive biological research 
m mouse moueis anu most uata reported were uirectiy rrom cimicai tnais or 
using human cell lines. As the studies on the immunoregulatory functions of 
IFN-p increased using animals models, the need for mouse reagents arose. 
Recent studies described differences is signaling pathways used in mice (16) 

Here, we describe in detail the way we have used IFN-p in a mouse model 

ui iii^uiiiatuiu aiuiiiLia uulii aa a piaaiinu v^^tui ana in i^tiuvnai v^C/Luia anu 

how we have assessed its biological activity. 



O hflo-lAi'irklo 

^. I VI did iaio 

2. 7. Tissue Culture 

1. HAM-F12 medium (Life Technologies Ltd., Paisley, UK). 

2. Fetal bovine serum (FBS) (Life Technologies Ltd.) supplemented with 2.5 U/mL 
penicillin, 2.5 ug/mL streptomycin and 2 mM glutamine (Life Technologies 
Ltd., Paisley, UK). 

3. Trypsin-EDTA (Life Technologies Ltd., Paisley, UK). 

4. Alpha-DMEM medium without nucleosides (PAA Laboratories, Linz, Austria). 

(Life Technologies). 

6. For metabolic labeling, 35 S-methionine— cysteine mix (Amersham-Pharmacia Bio- 
tech, Bucks, UK) and cvsteine-methionine-free medium (Life Technologies Ltd.). 

7. Thymidine (at a final concentration of 10 ug/mL, L-proline (150 ug/mL), and 
glycerol (10% w/v in medium without serum) were from Sigma, Poole, UK. 
Phleomycin (stock of 2.5 mg/mL) was from Sigma (G418, Geneticin; Life 
Technologies Ltd.). These were filtered sterilized on Sartorious membranes 
(0.2 um) prior to use. 

8. Di-hydrofolate reductase (DHFR)-deficient Chinese hamster ovary (CHO) cells 
were kindly provided by L. Chasin (Columbia University, NY); monkey COS-7 
cells were developed by Y. Gluzman (Cold Spring Harbor, NY), and mouse 

T TIT ( i\m.T-rr\\ f\\ no lritioco t\c±£\r>\c*r\t\ nmra o rrift ft-r*m f T^ott* ^Tmnofiol f"" 1 or* r> ot* 

Research Fund, London). a-BOSC23 was provided by W. S. Pear (Rockefeller 
Universitv. NY). 

9. Sterile plasticware (pipets and plates) were from Falcon (Becton Dickinson, 
Rutherford, NJ). 

2.2. Plasmid-, DNA-, and RNA-Modifying Enzymes 

1. Plasmid pcDNA3 was from In-Vitro^en (Gronin^en, The Netherlands). 

2. T4 DNA ligase, restriction enzymes, and Rnase A were from either New England 
Biolabs (Hitchin, Herts, UK) or Boehringer-Mannheim (Lewes, East Sussex, 
UK). These are used according to the supplier's instructions. 
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^.l>. Diocnemisiry 

1 . Serine-protease inhibitors (SPI) were from Calbiochem (Beeston, UK. Pepstatin-A 
at 10 fxg/mL, aprotinin at 1 fxg/mL, chymostatin at 10 [ig/mL, leupeptin at 
10 ng/mL, and AEBSF [4-(2-aminoethyl) benzene sulfonyl-fluoride, HC1] at 
200 jiM. They were all prepared as a 1000-fold concentrated stock. 

2. Most salts and buffers were from Sigma (Poole, UK). Protein-G-Sepharose 

* A marcr* nm L)\-i ruM-m o /-» i o T3 i /-\ +£!/-» ri T3Ti/"»l*-n T Tl< \ 
^■/""VUlV^l OllCUll X 11CU.111CIV1CI JJ1UIV/U11, -L»l4V^±VO, wxvy. 

3. Rat-anti-mouse IFN-P (7F-D3; AMS, Abingdon, UK). 

4. NP-40 (BDH. Poole. UK ), trichloroacetic acid (TCA) (Sigma, Poole. UK). 

5. Phenol (water saturated) was from Life Technologies Ltd. (Paisley, UK). 

6. Acrylamide/bis-acrylamide (Protogel) for sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) was from National Diagnostics (Atlanta GA). 

7. Sodium dodecyl sulfate (SDS) was from BDH (Poole, UK). 

8. Lysozyme was from Boehringher-Mannheim (Lewes, UK). 

9. Polymyxin B-ag arose columns were from Pierce (Rockford, 1L). 

10. The detergent n-Octyl-P-D-thioglucopyranoside (ULTROL®) was from Calbio- 

1 ST Til /"~1A\ 

cnem \w& jona, CA). 

2A. In Vivo Work 

1. Freund's complete adjuvant (FCA) was prepared by grinding 100 mg Mycobac- 

t^rium tijhprrijlnsj c in ^0 ml inrrirrmlpiP Freund's adilivant fT)i finn T nhnrntnripc 

EastMolsey, UK). 

2. Anesthetic was fentanyl-fluanisone (Hypnorm, Janssen Animal Health, High 
Wycombe Bucks, UK). 

3. Methods 

3. 7. Permanent Transfection into DHFR-Deficient Chinese Hamster 
Ovary Cells, Selection and Ring Cloning of Resistant Clones 

1. DHFR-deficient CHO cells are maintained in HAM-F12 medium with 10% FBS, 
penicillin/streptomycin, and glutamine. 

1 1 mf +S 

2. pcDNA3 (20 fxg)-expressing mouse IFN-p is linearized with Pvul and ligated 
with Pvzd-cut pSV 2 DHFR (1 \xg) (18). After phenol extraction, the plasmids are 
ligated in 300 \xL with T4 DNA ligase at 16°C. Covalent ligation in vitro of the 
pSV 2 DHFR and the plasmid-expressing IFN-P guarantees that upon subsequent 
amplification of the DHFR minigene, by selection with methotrexate, the IFN-p 
gene also will get coamplified. 

3. The DNA is precipitated in 0.4 M NH 4 acetate and resuspended in water and 

auucu as i 1111^ caicium pnuspnaic uupiccipnauc On vj.^ a. iu v^iiu ^cus un 

10-cm plates seeded 24 h earlier. Four hours later, the cells are treated with 10% 
glycerol in HAM-F12 without FBS. Cells are washed in FBS -free media and 
let to recover for 48 h. 

4. Transfected cells are then trypsinized and split into six 10-cm plates. Selection 
is carried out in Alpha-DMEM medium without nucleosides, 10% dialyzed 
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roo (Joy, ana i nig/mi^ vjh-io. ivicuium is untiiigcu iwiuc weekly unui z,— j> wk 

later clearly defined clones can be isolated by ring cloning or all the cells are 

tr\mci ni^pH nnH rrmintmnpH ac c\ nnnnlfitinn 

5. For ring cloning, the position of clones is marked with waterproof marker 
underneath the plastic plate. Plates are washed with PBS (phosphate-buffered 
saline) twice and the liquid is well removed by suction from the plate. Plastic 
tips of 20-200 jxL are cut with scissors and their broader base is sterilized by 
autoclaving. Similarly, vacuum silicon grease is sterilized in a glass Petri dish. 
Using sterile tweezers, the base of the tip is carefully coated with silicon grease 
and adhered to the marked clones forming a well. Fifty microliters of trypsin 
is added and the detachment of the cells is monitored under the microscope. 



unce aeiacnea, me cens are removed irom me wen using d\j [xl, oi seiecuon 

unguium anu uit v^cua ait piaitu un aiA wtn piauto tuiiLaiiinig i ihi_j ui intuiuiii. 

Plating efficiency depends on the size of the clones. We recommend picking 
clones that have more than 120 cells. 

3.2. Transient Transfection into Monkey COS-7 Cells 

1. Twenty micrograms of plasmid DNA is transfected as described in Subheading 
3.1.3. in duplicates to 0.5 x 10 6 COS-7 cells seeded in 10-cm plates. The 
DNA coprecipitate is left overnight. COS-7 cells were grown in DMEM with 
antibiotics and 10% FBS. 

2. Forty-eight hours after osmotic glycerol shock, with 10% glycerol in serum-free 
DMEM, the supernatants were collected for 1FN antiviral assay. 

3.3. /FM-p Biological Assay 

Interferon-P was assayed for its antiviral properties, inhibiting the cytopathic 
effect of encephalomyocarditis (EMC) virus infection of murine LTK" fibro- 
blasts. 

1. Briefly, 1 x 10 4 LTK - cells are added (50 ^iL/well) in a 9 6- well plate and 
incubated overnight. It is important to check that the cells have attached properly 
and that a homogeneous layer of cells covers the well. Sometimes we have 
had problems with cells not attaching properly and this affects the reading of 
the assay. 

2. Supernatants from IFN-P-expressing cells were serially diluted (1:2) in a 
different plate and added to the cells (50 fxL/well). 

3. The following day, culture medium was replaced by fresh 100 fxL of medium 
containing the EMC virus (kindly provided by Dr. I. Kerr, Imperial Cancer 

jvcsccuuii i unu, i^uiiuun^, unuicu i . iu \iv kj.vj pia^uc-iuiniiug UlllLS/CCll^. 

4. The next day, the cytopathic activity was assessed by light microscopy and the 

dilution of sain nips viplHina Sf)% nrotection frnm Ivsis hv TFN-R was determined 

24 h postinfection (19). For details about growing and isolation of the EMC 
virus, refer to ref. 20. 



/F/V-p Gene Therapy 1 75 

O.H. m&l&QOUC LBD&llny Ol UMU U&IIS 

1. Confluent plates of permanently transfected or nontransfected CHO cells 
were washed with cysteine-methionine free medium containing 10% dialyzed 
FBS and supplemented with 10 \xg/mL thymidine, 2 mM glutamine, penicillin/ 
streptomycin, and 150 fxg/mL L-proiine. Labeling was either overnight or 
for 48 h in the presence of 35 S-methionine-cysteine mix at 1 Ci/mmol using 

'7^11 mi^imlnta in ^ ml tnarlin 
LsU\J 111X^-1/ LFIUXV^ ±11 U 111J.J lllCLlld. 

2. Supernatants were collected, cell debris spun down, and clear supernatants 
sunnlemented with SPT. 

3,5= Immunopreclpltstlon 

1. The 35 S-iabeied supernatants are precieared with protein- G-Sepharose in PBS 
with 0.1% NP-40 (using 400 \xL of 50% beads/vol). 

Z^. 111^/ iju.ij\^iiicn.u.iii »uiuiiiv wiiv/juuiiuiiic I.V7 ^.^ y* x v/ vuumo i_/\^i iiiiuuiv ^vuni^ v^x 

TCA total precipitated protein is incubated with the monoclonal rat-anti-mouse 
TFN-G (7F-D3 at a dilution of 1 : 250) for 3-4 h at 4°C. 

3 . The antigen-antibody complexes are then bound to protein-G-Sepharose (700 \xL 
of 50% solution) by mixing overnight at 4°C rolling end-over-end. Protein- 
G-Sepharose beads are washed three times with 5 mL of 0.1% NP-40 in PBS. 
Proteins bound to beads are split into fractions of 50- [xL beads in small tubes and 
directly resuspended in Laemmli SDS-PAGE loading buffer (21). 

4. Gels are fixed for 30 min in 7% acetic acid and 10% methanol, washed in water 
for 30 min, and treated with 1 M sodium salicylate for 1 h before drying and 
exposing to autoradiography with X-ray film. 

3.6. Preparation of CII in Freund's Complete Adjuvant 

1. Bovine articular cartilage was used as a source of CII and had been purified by 
pepsin digestion and salt fractionation, as described by Miller (22). 

2. Freund's complete adjuvant is prepared as described in Subheading 2.4. (in vivo 
work). One volume of CII (4 mg/mL in 0.1 M acetic acid) is emulsified with 

1 vol of FCA prior to injection. 

./. n i UUt/i/ \ji f isf ni imiif^ m hJOr\i I ivu\s*^ 

1. DBA/1 mice were maintained under germ-free conditions. Eight- to twelve- 
week-old male DBA/1 mice are anaesthetized with 100 \xL fentanyl-fiuanisone, 
diluted 1 : 10 in sterile water and injected intraperitoneally. 

Z. iiic uasc ui uic mil is siicivcu jjhui iu immunization, unc iiunuicu iiiiui uinei s ui 

2 mg/mL CII in FCA were injected subcutaneously at the base of the tail 

OM\ Twn weeks later the tyiipp wprp hnncfpH with n QiTYiilnr inipptinn ncincr 

1 mm \_f f • A W T -W * ¥ WAVU A V4- *. WA ■ VAA^-~ AAAA^*- ^S T T X^A ^S 1*S X^f V^T kj %, »** ^* * ¥ A VAA V* U AAAAAA WA AAA j ^^ X^ VA V A A V* U AAA t^ 

incomplete FA. Macroscopically visible signs of arthritis developed 2-3 wk after 
immunization and the incidence was >90%. 
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J.o. ISOIatlOn Ol Lro-rree rlQSrnlu vivm iiuih opn&rOpiaSlS 

To reduce the levels of contaminating bacterial LPS during injections of 
naked DNA therapy, the method described by Sandri-Goldin was followed 
(24,25): 

1. Overnight, bacterial culture was centrifuged (5000g for 10 min) and the pellet 

u7no faononanrla/i in >fl tyiT at r»/-xl/-l 'itiCJ/^. ci-i-ir^rr\cn^ in >fl m A/f ' I Vi n Ul^l /n.U V Ml 

vv cio ivauauvnuvu ±11 ^w i±ij-j kji. wjiu ^w /c^ auv^iuiiv/ ±11 u\j niivi iiio"iiv^i vuaj. u.uy, 

2. Ten milliliters of 5 mg/mL lysozyme was added to digest the outer cell wall, 
which is the source of LPS, The mixture was left on ice for 5 min, 

3. Twenty milliliters of cold 0.25 M EDTA (pH 8.0) is added and the tube was left 
on ice for a further 5 min. Twenty milliliters of 0.25 M Tris-HCl (pH 8.0) is 
added and the solution is incubated for 5 min at 37°C. 

4. The spheroplasts are pelleted (lOOOg for 10 min at 4°C), resuspended in 30 mL 
Sandri-Goldin resuspension buffer (50 mM glucose, 25 mM Tris-HCl (pH 8.0), 
10 mM EDTA [pH 8.0] with 100 fxg/mL RNase A (Sigma, Poole, UK) and 
incubated for 15 min at 37 °C. 



1 T^T^T A 



j. rroieins ana coniaminaung cnromosomai uin/\ are removed oy ceniniugauon 
(5000g for 10 min). The supernatant is filtered through a nylon sieve and the 

nlocmifl cnliitinn rvr£»r»ir\itat£ir1 until C\ fc\ t7r»1 r\f icr\nrr\ncinn1 

LflUJllllVJ JU1UUV11 Ul WipilUlVVJ VY1U1 \J • V_» Y \J 1 \J -L 1 JV/piUlJUllUl. 

6. After centrifugation (5000g for 10 min), the pellet is washed with ethanol, dried, 
resusnended in TE (Tris-HCl. dH 8. 10 mM and 1 mM EDTA. dH 8.0). extracted 
twice with phenol-chloroform (1:1) (v/v), followed by one extraction with 
chloroform, and, finally, precipitated in ethanol (2.5-3 v/v). 

7. The pellet is washed and resuspended in TE, containing 1% of the detergent 
n-octyl-p-D-thioglucopyranoside (ULTROL) and incubated for 30 min at room 
temperature. The micelles are spun down; the supernatant is precipitated with 
ethanol and resuspended in 10 mL of 0.1 M NaCl. 

8. Polymyxin B-ag arose columns are rinsed with sterile water and three rounds of 

U.l LV1 SUU1UII1 clUCLcUC (pn H.UJ, cllLCIIlcUlIlg Willi U.l M 5UU1U111 uuitue (pn o.u;. 

After flushing with sterile water, the column was equilibrated with 0.1 M NaCl. 

TTcina n nprictnltir- nnmn thp TYINJA wnc r-irr-nlntpH thrnnah thp pnliimn rwprnioht 

^_^ Oill£l v* L/ Vl 1 J ttll 11 v UU111L'* uiv j_^" a. li a. n CIO wll VU-ltilvvt till Vy U-£lll niv vv/iu-niii ^v t VlllltllL. 

After collecting the eluate, remaining DNA in the column is rinsed out with 
20 mL of 0.1 M NaCl and the DNA is precipitated with ethanol. 



3 Q Intramuscular DNA Infection 



' -■ S*\ ^ S*\ V^. + ^ v^ s*\ 



1. din A (1U-1UU jxg in up to 1UU \xL Ftss) is injected intramuscularly using a 
Hamilton syringe and a 26G needle. The DNA is maintained at 1-2 mg/mL 

in siciiic waici ^ii is iiiipuiiaiii iv iiicuiiicuii uic LJiyn m mis v^uii^ciiiiaiiuii iu 

avoid precipitates forming in solution ) and mixed 1 : 1 with PBS two times 

nri nr tn intprtinn 
j^^^ — ^^j ^ 

2. Reproducible injection into the quadriceps is performed by holding the mouse 
in the left hand, the scruff of the neck between the index and thumb. Its hind left 
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i^~ :„ : t»:i:„^j „^„: *. *u, u„„^ ^.c+u^ *i i r :±u j-i :~~ c~, j :*„ i~4«,4 

icg is iiiiiiiuuiiizcu cigtuiisi uic utisc ui uic uiuinu wim uic img iiiigci, cuiu ns iniiu 
right foot is accommodated on top of the ring finger and held in place with the 

littlp finapr Tn thic nncitinn thp riaht nn^Hrir-pnc ic pnciW nrrpccihlp \A/p iniprt 

lllllv uiit^vii in t-AJ-iO k/vuiuviii m.v^ llcLlll UUUVillWL/O j.u vwuh > UvvviJiJlL/lVt t t w 111 vvl 

in three sites in the same muscle. We found that injections in the tibialis muscle 
are not reproducible, as this muscle has a thick myofascial sheet and only very 
small volumes can be injected. 

3.70. Retroviral Vector Packaging 

xnc ciuiinig anu c^picaaiun ui muuat ni>-p 111 uic ituuviius vttiui puauc- 

Bleo (26) has been previously described (19). As IFN is an antiviral known to 

aiictL iLLiuviiua iiiaiuiauun anu. aaauinuij', wc uttiutu hj avvjiu. packaging, it aa a 
iv^uuvnai paiuci^ 111 uiuuot/ pacivcigiiig, ecu mica, which ccum uc aiicctcvi uy ita 

antiviral effect via interaction with its cellular receptors. Hence, we packaged 

UllV^ 1UUUV11U1 VW^LWl 111 U, Villi V^l^llL OL/V^^1\^l3 L/tl^lVClSilllg, CU11 llllV^. 

1. The human amphotropic packaging cell line a-BOSC23 (27) is grown and main- 
tained in DMEM containing 10% (v/v) FBS, 2.5 U/mL penicillin, and 2.5 [ig/mL 
streptomycin supplemented with glutamax-1. 

2. Transient transfections of a-BOSC23 packaging ceil line are performed as 
for COS-7 cells as described in Subheading 3.2. Supernatants (5 mL/plate) 

r* s^-in -f n i -r\ t r\ rr rtrtr»l^nrm/-| ^atrAin^al rtnW-i^lan n-#*^i nlAn^a/i 4--#*/^k-rv^ /-> £*l 1 -n 1 o-** r\ £± !■*-**-■ n Ku 

v^wiiiaiiiing panvagvu ivuuviiai paincico aic utaitu iium wiiuiai uv^unio u^ 

centrifugation for 10 min at 3k and then snap frozen at -70°C until use. 

W. ■ ■ . M ■ W »■ ^* W MM UW MM M M W^ II ^1 ■ 

1. Cell supernatants containing packaged retrovirus were thawed at 37°C and 
supplemented with 8 fig/rnL polybrene (Sigma) made as a stock in serum-free 
DMEM at 8 mg/mL and filter- sterilized. We established an immortalized DBA/1 

mmicp fiHrnHlftct r-pll linp (11\ nffpr infpr'tinn with n rptrn^/irnc PYnrpccino n 

iiiv LJ-O v^ ax <_y a x^- L/1WO t, vvu aaxj. v^ i j. *^ / ■ W-i- l,\^l llllvv ^a viJ. v t a 111 bi J- v^ *^J- ^v t j.a LJ-O WjtV|_/1 v^ u ulllC. v* 

temperature- sensitive SV40 large T-antigen also containing a U19 mutation (28). 
These fibroblasts are grown and maintained in DMEM containing 10% (v/v) 
FBS, with glutamine, penicillin/streptomycin, and 1 mg/mL G418. 

2. To infect the DBA/1 immortalized fibroblasts with the pBabe-Bleo mouse 
IFN-p vector and select for infected cells, their sensitivity to the selective drug 
phleomycin has to be assessed. Twenty-five [Ag/mL of phleomycin is sufficient 
to cause cell death during a 5-d period; higher concentrations are toxic and do 
not allow for appropriate selection. Similarly, for any other selectable drug for 
cells in culture, drug concentrations that select cells and are not toxic overnight 

nave iu uc caiciunv as&caacu u^ uuuumig uiiuuuiis un ecus uiai cue sccucu ai a 

concentration that allows growth in the log phase. 

3. For viral infection, DBA/l cells are elated at 5 x 10^ ^er 10-cm Tilate 1 d Tirior to 
infection. Medium is removed and 5 mL viral supernatants supplemented with 
polybrene is added. Then, 4-16 h later, the supernatant is washed away and 
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eens weie leu iv leeuvei iui h-o ii. men, uiey weie trypSinizea 1.4 cinu piu in 
selection media with phleomycin. 

A Selection mpHin \ira« r-hnnopfl p^/pr\? "3 H r\irtr\ nftpr 9—^ wV arnwina r-lnnpc pnn 

be isolated or are maintained as a population (Subheading 3.1.). The TFN-p 
expression level is assessed by the antiviral assay (Subheading 3.3.). 
5. For use in the collagen-induced arthritis model, cells are trypsinized, counted 
in an hemocytometer, and washed in DMEM with FBS and in Hank's medium. 
Cell are resuspended in Hank's medium in a final volume not exceeding 200 \xh 
for intraperitoneal injection containing 4-12 million cells that are injected either 
at different time-points postimmunization or at onset of disease (13). 
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Gene Gun-Based In Vivo Gene Transfer 

Application to DNA Vaccination 



Tohru Sakai and Kunisuke Himeno 



1. Introduction 

The introduction of genetic material into tissue of interest remains a rate- 
limiting step for molecular investigations in many fields. Many different 
methods have been developed for the delivery of a gene in vivo, such as virus-, 
cationic liposome-, and particle-mediated gene transfer or direct injection 
of DNA. 

The particle-mediated method for gene delivery with a gene gun utilizes a 
shock wave to accelerate DNA-coated gold particles into target cells or tissues. 
The application of gene transfer by particle bombardment was first described 
by San ford et ak and was shown to be an efficient method for transformation 
of a plant (1). This gene delivery method is also effective in various somatic 
tissues in vitro and in vivo. High levels of transgene activity have been readily 
detected both in tissue extracts and at cellular levels from tissues of animals 
into which various reporter genes have been bombarded (2,3). This in vivo gene 
delivery method has been used for DNA vaccination, because it is simple and 
only a small amount of DNA is sufficient to develop both cellular and humoral 
immune responses, which can lead to protection from various infectious 
pathogens (4). Recently, the gene-gun system has been employed in gene 
therapy. In fact, treatment with a particle-mediated in vivo cytokine gene after 
implantation of tumor cells has been shown to inhibit tumor growth and to 
prolong the survival of tumor-bearing mice (5). 

This chapter deals with the preparation of microcarriers for particle-mediated 
gene transfer, optimization of the conditions for in vivo gene transfer, and the 
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conditions for DNA vaccination using a Helios Gene Gun System (Bio-Rad, 
Hercules, CA). 

1.1. Preparation of Microcarriers 

jtiiui lu g^nc CransreCUOn, inc. piasnnu jl/in-tv must uc auauncu lu Uie guiu 

particle. This is accomplished by precipitation of the DNA from solution in 

tut pi^a^nv^ ui guiu niiciuv*.aiii^i_. anu puivv^auun ap^iiiiiuinc. u}' Lne auuiuun 

of CaCl 2 . The DNA/microcarrier solution is coated onto the inner wall of 

gvjiu-^uat tuumg anu. u-iiv^u.. niu tuuing, i__ tuv^ii tui hilvj vy.^-iii.-iwug, v_/ai Liiu-g^a. 

These cartridges, when inserted into the cartridge holder of a Helios Gene 

f T im nrck. triiz- o /"vi i-irr*ck. rvf Iri ___ HM A Iriot" i__.-nl~__--i' , o lr-_<__. tnrrrat /-»___llo /~vt tiocnao T-\^f nalmm 

\juii, cix^ ui^ ouun/t ui mv^ isnr^. mcit wiiwij tuv^ tcixgv^i. ^hil3 vj>i UlJOUUO uj nwiiuiii 

/~|-io/"»l-iOT"rri2i I v r> r> Uin I » 
l_ilO**.llCllg\_/ \JCC 1. Igt Ay. 

2. Materials 

2. 7. Precipitation of DNA onto Microcarriers 

1 . Plasmid DNA: Plasmid DNA should be prepared by using a commercial plasmid 
purification kit or by carrying out cesium chloride gradient centrifugation 

t\Tri~~ PI «~-~- a tmvt a :„ a:„„^i^,~a ..-_ TT7 u„-Cf~*- /«u on in ^,«/f t^.,, u^^^ 

IW1CC. JTlClSllllU l_yi>^V IS U1SSU1VCU 111 1JJ- UU11C1 ^P 11 O.KJ, 1 U llliKZ 1 11»-11\^. 1, 

1 mM EDTA). 

2. Gold microcarriers (1.6 uL). 

3. Polyvinylpyrrolidone (PVP), 360,000 MW (molecular weight). 

4. Fresh 100% ethanol. 

5. Gold-coat tubing. 

6. 0.05 M Spermidine. 

7. lMCaCl 2 . 

8. Helios Cartridge Kit (Bio-Rad) containing 0.5 g PVP and 50 ft of gold-coat 
tubing. 

2.2. Loading the DNA/Microcarrier Suspension into Gold-Coat 
Tubina Usina the Tubina Preo Station 

1. Tubing prep station. 

___. vjuiu-V/uai tuuiiig. 

3. Nitrogen tank. 

4. Tube cutter, 

5. Tubing prep station and tube cutter contained in the Helios gene-gun system. 

3. Methods 

3. 1. Precipitation of DNA onto Microcarriers 

1 Prendre* n QtnrV Qnlntinn nf 10 tyio/tyiT PVP in pfhannl in n qtyifiII cr-rpw-ran 

_M_ « X _M_ ^^ l^y Vl-L *^ W k-F %- V 'V A*. U -V^T A V* VA-V^ AA -V^T J t A V _M._M._M_ >»* _M._M._L_B _ _L T -ML All »»• |.JLltill V_jr _■_ 111 W kj» -I. -M. Ji_ V*- A _M_ U \S ±- »^ r T *^ H- l^T 

container. Tn this process, vortexing should not be used; prepare solution daily. 
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Fig. 1. The process for the preparation of microcarriers. The gene gun introduces 
DNA into the skin bound into small gold particles. For this purpose, DNA is precipitated 
onto gold microcarriers, which are then loaded into plastic tubing. The tubing is cut 
into approx 0.5-in.-long pieces, and the pieces of tubing are loaded into the gene gun, 
which uses pressurized helium to accelerate the particles into the skin. 

2. Weight of gold microcarriers in a L5-mL microtube. (Refer to Table 1 for a 
detailed description on determining microcarrier loading quantity [MLQ],) 

3. To the measured gold, add 100 \xL of 0.05 M spermidine. (When the volume of 
the plasmid solution is 200 jxL, add 200 u,L of 0.05 M spermidine.) 

4. Vortex the gold and spermidine mixture for a few seconds to break up gold 
clumps. 

5. To the gold and spermidine mixture, add the required volume of plasmid to 
achieve the desired DNA loading ratio (DLR). For cotransfection of multiple 
plasmids, add each of the plasmids at this step. 

6. Mix the DNA, spermidine, and gold by vortexing for more than 5 s. 
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Table 1 

Microcarriers and DNA Required for Various MLQs 

and DNA Loading Ratios (DLRs) 3 

Calculated particle Materials required for selected 

delivery condition MLQs and DLRs 



MLQ DLR 

(mg/shot) (jAg/mg gold) (fig/shot) Gold (mg) DNA (jxg) 



0.5 


2 


1 


50 


100 


0.25 


4 


1 


25 


100 


0.125 


8 


1 


12.5 


100 



a Approximately 50 in. of tubing will usually yield 80-90 cartridges. 

7. While vortexing the mixture at a moderate rate on a variable-speed vortexter, 
add 100 [aL of 1 M CaCl 2 drop wise to the mixture. The volume added should be 
the same as that of the spermidine in step 3. 

8. Allow the mixture to precipitate at room temperature for 10 min. 

9. Most of the gold will now be in the pellet, but some may be on the sides of the 
tube. The supernatant should be relatively clear. Spin the mictocarrier solution in 
a microfuge for 15 s to pellet the gold. Remove the supernatant and discard. 

10. Add 100 \iL of 100% ethanol and resuspend the pellet by tapping, and then add 
1 mL of ethanol. In the first suspension step, the pellet may be difficult to 
dissolve. Wash the pellet three times with 1 mL of fresh ethanol each time and 
spin for 5 s in a microfuge between each wash. Discard the supernatants. 

1 1 . After the final ethanol wash, resuspended the pellet in 200 \iL of ethanol solution 
containing the appropriate concentration of PVP prepared in step 1. Transfer this 
suspension to a 15-mL disposable polypropylene centrifuge tube with a screw cap. 
Rinse the microfuge tube once with 200 [iL of the same ethanol/PVP solution and 
add to the centrifuge tube. Add the necessary volume of the ethanol/PVP solution to 
the centrifuge tube to bring the DNA/microcarrier solution to the desired MLQ. 

12. The suspension is now ready for tube preparation. Alternatively, DNA/ 
microcarrier suspensions can be stored for up to 2 mo at -20°C. Prior to freezing, 
tighten the cap securely and put Parafilm around the cap of the tube. After 
storage at -20 °C, allow the particle suspension to reach room temperature before 
breaking the Parafilm seal. 

3.2. Loading the DNA/Microcamer Suspension 
into Gold-Coat Tubing Using the Tubing Prep Station 

1. Prior to preparing cartridge, ensure that the gold-coat tubing is completely dry 
by purging with nitrogen. Insert an uncut piece of tubing into the opening on the 
right side of the tubing prep station (see Fig. 2). 
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Fig, 2, Tubing prep station and gold-coat tubing. 



i 



Using the knob on the flow meter, turn on the nitrogen and adjust the flow to 
0.3-0.4 liters per minute (LPM) (Fig. 3). Allow nitrogen to flow into the gold -coat 
tubing for at least 15 min immediately prior to using it in the following steps. 

3. Remove the gold-coat tubing from the tubing prep station. Turn off the flow of 
nitrogen to the tubing prep station using the knob on the flow meter. 

4. From the dried gold-coat tubing, cut a 75 -cm length of tubing for each 3-mL 
sample of microcarrier/DNA suspension. Insert one end of the gold-coat tubing 
into the end of the adapter tubing fitted to a 10-mL syringe. 

5. Vortex the microcarrier suspension and invert the tube several times to resuspend 
the gold; immediately remove the cape and quickly draw the gold suspension 
into the gold-coat tubing approx 60 cm (15 cm from the end). Remove the tubing 
from the suspension and continue drawing the suspension into the tubing for 
another 6 cm to leave some space at each end. 

6. Immediately bring the gold-coat tubing to a horizontal position and slide the 
loaded tube, with syringe attached, into the tubing support cylinder in the tubing 
prep station until the tubing passes through the O-ring. 

7. Allow the microcarrier s to settle for 3-5 min. Detach the gold-coat tubing from 
the adapter tubing and attach to the tubing on the 10-mL syringe. Remove the 
ethanol at constant speed. 
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Fig. 3. Nitrogen pressure regulator. The nitrogen regulator is turned on and adjusted 
to the correct pressure (035-0.4 LPM) prior to connecting the nitrogen line to the 
tubing prep station. 



8. Detach the 10-mL syringe from the tubing. Immediately turn the gold-coating 
tubing 180° while in die groove and allow the gold to begin coating the inside 
surface of the tubing for 3-4 s. 

9. Start rotating the tubing prep station. Allow the gold to smear in the tube for 30 s 
and then open the valve on the flow meter to allow 0.35-0.4 LPM of nitrogen to 
dry the gold-coating tubing while it continues to rotate. 

10. Continue drying the gold-coat tubing while turning for 5 min. 

1 1 . After loading the DNA/microcarrier into the gold-coat tubing, use a tubing cutter 
to cut the coated tube into 0.5 -in-long pieces (see Fig. 4). 

12. Store the pieces of tubing in a desiccated environment. Pieces of tubing stored 
at 4°C are stable for at least 8 mo. 

3.3. Optimization of Gene Gun Parameters 

The flexibility of the particle delivery system allows fine-tuning of experi- 
mental parameters; however, the optimal parameters for the instrument must be 
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Fig. 4. Tubing cutter. To prepare 0.5-in.-long cartridges, insert the cut ends of tubing 
into the tubing channels and push down on the handle. 



determined in each laboratory. Any quantitative assay may be used to determine 
the optimum combination of critical parameters for the particular biological 
system under investigation. Important parameters for evaluation include helium 
pressure, PVP concentration, the MLQ, and the DLR. It should be noted that 
absolute transgene expression levels are only a part of the processes leading 
to immune or other biological response; thus, each researcher must identify 
those parameters that result in the appropriate level, location, and duration of 
transgene expression following particle-meditaed delivery. In this section, we 
describe the process of optimization for gene transfer into the epidermis. 

1. A pcDNA3-CAT is an expression plasmid that expresses chlorolamphenicol 
acetyl transferase (CAT) under the control of a cytomegalovirus immediate-early 
promoter (Invitrogen Co, Headquarters, CA). The pcDNA3-CAT is purified 
using a Plasmid Maxi Kit (QIAGEN Inc., Valencia, CA) according to the 
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Fig. 5. Gene transfer into the abdominal skin of mice using the gene gun. Plas- 
mid DNA is delivered to shaved dorsal skin of mice by helium discharge using the 
gene gun. 



manufacturer's instructions. Plasmid DNA is coated onto microcarrier of DLR 
ratios of 2, 4, and 8 as described in Subheading 2,1, 

2. Abdominal areas of mice are shaved, and each animal's fur is removed with 
Nair, a commercial depilatory. The skin is carefully rinsed with warm water 
following depilatory treatment. If the target site is wet or dirty, it is cleaned and 
dried with 70% ethanol. 

3. Each of the cartridges prepared in Procedure 1 is inserted into a cartridge holder, 
and the cartridge holder is set into the Helios gene gun, Plasmid DNA is delivered 
to shaved dorsal skin of mice using the gene gun at helium discharge pressures 
of 200, 300, and 400 psi (see Fig. 5). 

4. Twenty-four hours after the gene transfection, a circular area of target skin of 
1.5 cm in diameter is biopsied. Minced skin tissue is homogenized in 2 mL of 
Triton X-100 in PBS with IX protease inhibitor mixture (Boehringer-Mannheim, 
Indianapolis, IN) using a Polytron homogenizer. Homogenates are clarified by 
microcentrifugation (10,000^ at 4°C), stored at -70°C, and assayed using a 
commercially available CAT enzyme-linked immunosorbent assay (ELISA) kit 
(Roche Diagnostics GmbH, Mannheim, Germany). 

Figure 6 shows representative results of experiments to determine the 
optimal conditions for gene transfer into the epidermis. For another reporter 
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Fig. 6. Optimization of gene gun parameters. To determine the optimal conditions 
for in vivo gene transfer, several parameters, including PVP concentrations, helium 
pressure, and DLR, were examined using a pcDNA-CAT expression plasmid. Twenty- 
four hours after gene transfection, the abdominal skin of mice was removed, and the 
levels of CAT expression were estimated. 



system, an expression plasmid-encoding P-galactosidase or luciferase can 
also be used in this assay. The duration of transgene expression following 
particle-mediated delivery can be measured by Western blotting for detection 
of the target protein or by the reverse transcription-polymerase chain reaction 
(RT-PCR) technique for detection of target mRNA levels. 



3.4. Conditions for DNA Vaccination 

The gene-gun system is used for DNA vaccination and gene therapy. In 

tnoco annli^otir\-nc tn^* rrc*ir\c* train cfo^ti rA-r* rommo i-nr»1 n r\t f» rr fro-nofuntiAti t-tmao 

and intervals, is crucial for efficacy. Therefore, each researcher should first 

rl(=kt<^rmir»pk thp* nnhmal r<^mm(^ "frvr RMA immiitii7Qtmti 

WVIV1111111W L11V UUU111U1 1VC.1111V 1V1 i-/l 11 1 llllillUllUjUHVllli 

The 47-kDa Plasmodium falciparum serine repeat antigen (SERA) is one 

VI U1V y UW111V V^l*iJ.VJ-l.VJ-l*H^ UlllliVllJ J_\_/J. IIIUIUIIU T UVVlllVi » T V^ 11UTV ULJVU U.J.XL? a^-xh A 

for 

factors affecting the immune responses. Therefore, we examined the effect 

nf thf* niimhfr nf immiini r 7fitir\nc on tnp hiimnrsil immnnp rpcnntiQp plirifprl ln\r 



PlMA immnni vntinn /Vi^ TIip niimhf i r nf* immiini vcitirmc ic r\n^ nf* thf* rrmin 

A-^ J_ IX i llllllltllll£JUVlVll I V / . " " " " " ' " "' ---.-----.- .... ...._. . . . ..... ........ 



LV 11U111UV1 V^J- 1111111U111UUI>1V11U AU V11V V^-L ^11V 111U1J 



'X* *^ 



SERA DNA vaccination. The levels of SERA-specific antibody response to 
thrpp nr fnnr immiini7ntinnQ \x/ptp thp camp' however these levels were higher 

than those in the case of only two immunizations (see Fig. 7). 
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Fig. 7. Effect of number of immunizations on the humoral immune responses 
elicited by SERA DNA vaccine. Mice were immunized with an expression plasmid 
encoding the SERA gene by a gene gun according to protocol 1 (immunized at and 
6 wk), protocol 2 (immunized at 0, 4, and 6 wk), or protocol 3 (immunized at 0, 2, 
4, and 6 wk). Gene transfection occurred at the optimal conditions defined in Fig. 2 
(PVP concentration, 0.05 mg/mL; helium pressure, 300 psi; DLR, 8). (A) Sera were 
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IgG levels in 200-fold diluted sera were determined by ELISA. (B) Sera collected at 
8 wk after immunization were seriallv diluted, and SERA-specific I<*G levels were 
determined by ELISA. 
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Purification of the Eucaryotic Heat-Shock 
Proteins Hsp70 and gp96 

Arne von Bonin, Solveig H. More, and Minka Breloer 



1. Introduction 

Heat-shock proteins (HSPs), highly conserved across species, are generally 
considered as intracellular proteins that have protective functions in situations 
of cellular stress, A wide variety of stressful stimuli like heat shock, ultraviolet 
radiation, and viral or bacterial infections induce a substantial increase in 
intracellular HSP synthesis (1). The main functions ascribed to HSPs (not only 
restricted to situations of cellular stress) are to act as chaperones of nascent or 
aberrantly folded proteins. From the immunological point of view, HSPs have 
obtained significant interest because it could be shown that HSPs like Hsp70 
and gp96 purified from tumor and virus-infected cells are capable of eliciting 
a protective CTL- mediated immunity (2,3), This immunogenicity is based on 
antigenic peptides that are associated with Hsp70 and gp96 molecules, and 
peptide-deprived HSP complexes lose their immunization capacity (4). 

In addition to the well-established function of HSP to introduce HSP- 
associated peptides into an alternate major histocompatibility complex (MHC) 
class I antigen-presenting pathway, recent studies suggested that mammalian 
HSP preparations are delivering signals to the immune system irrespective 
of HSP-bound peptides. gp96 and Hsp70 preparations derived from syngenic 
mouse (liver or spleen) tissue are able to activate long-term established 
antigen-specific cytotoxic T cell (CTL) clones in vitro and spleen cells in 
vivo in the absence of antigenic peptides (5 t ll). Moreover, mouse and human 
monocytes were found to mount proinflammatory responses when incubated 
with recombinant Hsp60, Hsp70, or gp96 molecules (6,7). Here, we will 



From: Methods in Molecular Biology, vol. 215: 

Cytokines and Colony Stimulating Factors: Methods and Protocols 

Edited by: D. KOrholz and W. Kiess © Humana Press Inc., Totowa, NJ 



193 



194 von Bonin, More, and Breloer 

describe the purification of eukaryotic Hsp70 and gp96 molecules from murine 
tissue and the use of purified HSPs in cellular assays. 

1.1. Purification of HSPs and Generation 
of Antigen-Presenting Cells 

In this chapter, we describe the purification of Hsp70 and gp96 from murine 

U3BUL ^e.g., iiiuiinu nv^i uaauu;. aii jjiiii^ipiu, axwjx a ^an uc jjuiiin^u. a^v^^iu-ing 

to the following protocol from all cell lines (e.g., human tumor cell lines or 

r\ck.irt r\\r\ arol 1-\1 i~v<"v/"l nzmnnrvoirta [DDT 1 m niionHtiac ciiTn/^iant trv T-\i2i-fT/~vr - rT-» /^dlliiloT' 

j^^i i pnv^i cii uiv'v/ia i y iiij_/iiw^ y tv^ lx jjj-jj, in t[UallllLlCo ouninnn \,kj j_/^iiv7iiii UdxUxcU 

assays). The purification steps were originally established by Uduno and 

vmfoctmfn t<\ ot»H wjc* iica o \t£±it\t cimil or -r\rr\i-mr»m\ \\7i tn /"vr»1 \r -rr* i -n /"v-r mA/ii fi r»oti r\irto 
vjii v tutci v u, \*J / cinu. vvu liljv^ vl yuiy Slllllldl l/xv^fcwwwi vvitu win\ iiuiiui iiiuuiiiwuuuno. 

Ac o -riil*^ wic* rtKtoin 1 m rr \Aer\~l C\l ctr\Q(\ Tmm 90 ^H rr nr r»<=kl I n I o-r motAriol 

i: XkJ CI 1U1V) »YV/ V^L/ttlXXX X 111C llOL// \JI ^VJ^\J 11 Ulll ^j\J ^J \J g, WX V/V^XXIXXCIX XXXCll.V-'X XttX. 

Although Hsp70 and gp96 can be purified from the same sample, we recom- 

mprifl rrin^pntrntinrr r\n thp' r\nnfir'Qtir\n r\f r\np VinH nf HQP "from q mupn ticcn^ 

111H1U VV^llVVllUUUllC. Vll U-X^ L/U1111VUUV11 V^X V11V 1\.111U KJX. AXKJX 11V111 d &1 V vll UJJUV 

sample because this way of purifying HSPs, in general, results in higher yields 

V^X J-AVJA U. 

2. Materials 
2. 7. Buffers 

1 ti.. j. :^i, T „:„ u„.cc 1 n n /f\T„TTnA n c * /r ^ ,1 j-u^i „„i.c T i £i • j 

i. nyjjuiuiiiu lysis uunci. iu iil/k/ iNttrx^W3, u.j iil/k/ piieiiyi incuiyi sununyi nuunuc 

(PMSF), pH 7.0. 

9 rV.nA-hir.rHno hnffpr- 19S rnMNTnn 90 rn/l/ Tric-HPI 1 mM MafL 1 mM 

^^ * -^_^- V^AAA 1 (ylllVllll t^ ^J- V^AA^^A « A J-^t*S A AAA T -M- A 1 V*- "*— 'A } ^— V^ A AAA r A A.XXU A. A. ^.^ AB A A AAA r A AT A t^ ^_^ A" 5 ■ X A AAA FA 

CaClo, r»H 7.2. 

— — ^ 7 j. — - 

3. ConA washing buffer: 5 mM sodium phosphate, 300 mM NaCl, pH 7.0. 

4. ConA elution buffer: 10% a-methyl-Mannoside, 5 mM sodium phosphate, 
300 mM NaCl, pH 7.0. 

5. DEAE binding buffer: 20 mM sodium phosphate, 20 mM NaCl, pH 7.0. 

6. DEAE elution buffer: 20 mM sodium phosphate, 700 mM NaCl, pH 7.0. 

7. ATP-binding buffer: 20 mM Tris-acetate, 2 mM MgCl 2 , 15 mM 2-mercaptoetha- 
nol (ME), 20 mM NaCl, pH 7.0. 

8. ATP-elution buffer: 3 mM ATP, 20 mM Tris-acetate, 2 mMMgCl 2 , 15 mM2-ME, 

^\j hum ma^-i, pn/.u. 

O O liili ifi ha i"»**oi*a* fossil I !*%*%£> P/%fumn<« 
£.£. IVILMI 111^ I/OOUC7, \S^U &-fffC70 7 1^1/fUfffffO 

Thus far, we have used a variety of different murine tumor cell lines (e.g., 
RMA, EG7, P815, EL4) to purify Hsp70 and gp96 (^ Note 1). Cellular 
pellets can be stored for months at -70°C before HSPs are extracted from them. 
In order to reduce protein content, cellular pellets are washed once before 
freezing the pellets. The same holds true for livers or lungs, which can be stored 
as whole organs at -20°C for long time periods before purifying Hsp70 or 
gp96. Mice as a source for the organs were maintained at the animal facility at 
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the Benhard-Nocht-Institute. The age of the mice when sacrificed for preparing 
the organs seemed of minor importance. 

1 . ADP or ATP-agarose for purifying Hsp70 was obtained from Fluka (Neu-Ulm, 
Germany). 

2. ConA-Sepharose and DEAE-Sepharose were obtained from Amersham (Ger- 
many). DEAE was packed manually in 20-mL columns (Bio-Rad, Munich, 
Germany). 

3 . Prepacked PD 1 columns were purchased from Amersham- Pharmacia (Freiburg, 
vjermany;. 

3. Methods 

3. 1. gp96 Purification 

gp96 is purified according to a protocol described by Udono et al. (8) with 
minor modifications. Note that it is extremely important to perform steps i-4 
at 4°C. 

1. Cells were grown in roller bottles to generate at least a 20-mL cell pellet. Mouse 
liver-derived gp96 was purified from 50 g of, for example, liver tissue (whole 
organs, disrupted with a conventional kitchen mixer). To inhibit protein degrada- 
tion, we added Complete® protease inhibitor (Roche Diagnostics, Germany). 

2. The pellets were homogenized in 2 vol of hypotonic buffer (see Notes 2 and 3) 
and maintained for 20 min at 4°C. Lysates were centrifuged at 100,000g for 

y\j min in a picv^uuitu iuiui. 
"X TTtA ciir\£»rnatcmt ( e* rr 100 mT ^ frr»m cfoit 1 \*tciq arvn1i£»H tn a ^0<^ ammnrmim 

■u • lllv Oui/viiiumin yKstfotj iuu _iiij_/y iivm kj»-^w ** itwj upunvvi «-v c* «y vy i\J uiiuiiviiiuni 

sulfate precipitation (add the ammonium sulfate stepwise, 1 h on ice, stirring). 
The solution was centrifused at 25,000^ (e.g., Sorvall centrifuge) and the 
supernatant was subsequently incubated with 70% ammonium sulfate overnight 
(stirring!). On the next day, the precipitate was dried (aspirate the supernatant 
carefully with a vacuum pump) for 30 min and was solubilized in 200 mL ConA- 
binding buffer. The ConA-Sepharose was packed in a column and the column 
was washed extensively (10 vol, ConA -binding buffer). Note that loading and 
washing of the columns takes approx 2 h in general, depending on the purity 
of the supernatants. 

4. ConA-bound material was eluted with 10% a-methyl-Mannoside. Incubate 

■frici f^ rM-» A r*/"\l n mn TT7i + r» +rici -m a+riTrl Monnnoina c /-\1n ti r\n Tr\r Oil min it rr\r\m 

Ul±V^ \^sKJLlJ~± \^KJL\JLILLLI VV ± Ul± U1±V^ 111VU1 J 1~1»1U1111UJ1UV OU1UUU11 -LW-L Z_>V_/ ±±±_L1± til. 1UU111 

tPTYinprntnrp anH rnllprt ^— 5 rnlumn vnlumpQ 

5. The eluate buffer was exchanged to DEAE-binding buffer employing PD10 gel 
filtration units (Pharmacia, Freiburg, Germany). 

6. This partially purified gp96 material was applied to two DEAE-sepharose 
columns in parallel (Pharmacia, Freiburg, Germany), washed and bound material 
was eluted with DEAE-binding buffer containing 700 mM NaCl. Check the 
initial 10 fractions (2-mL fractions) in sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) (see Fig. 1). We usually detect the purified 
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Fig. 1. Silver staining and Western blotting of purified Hsp70 and gp96. 
(A) Shown is the silver staining of 100 ng purified Hsp70 (left) and 200 ng 
gp96 (right) extracted from murine livers. (B) The same preparations shown in (A) 
were analyzed in Western blotting using Hsp70- specific monoclonal antibodies (MAbs) 
(left) and gp96-specific MAbs (right) obtained from Stressgen. Numbers on the right 
indicate relative molecular masses. 



proteins with a silver-staining procedure. Fractions containing the purified 
gp96 molecule as the major protein are pooled and concentrated with Amicon 
50-kD-spin filters (see Note 4). 

3.2. Hsp70 Purification 

Hsp70 purification was performed according to a protocol first described 
by Peng et al. (9). Employing of ADP-agarose allows purification of Hsp70 in 
association with endogenously bound peptides, whereas the use of ATP-agarose 
"strips" the associated peptides from Hsp70. 

1. Hsp70 was purified from tumor and liver cell pellets (50-60 g). The cellular 
pellet was homogenized in ATP-binding buffer. Cellular debris was separated 
by centrifugation at 100,000g, 

2. The supernatant was applied to ATP-agarose (Sigma, Deisenhofen, Germany) 
overnight at 4°C (on a rolling wheel). The ATP-agarose was packed in a column 
and washed (10 column volumes) with ATP-binding buffer containing 500 mM 
NaCl and, subsequently, with an ATP-binding buffer containing 20 mM NaCl 
(10 column volumes). 



Eukaryotic HSPs Hsp70 and gp96 197 

0. ine /\ir-uuunu niaieiiai was eiuieu wiui /\ir-uinuiiig uunci uuiiiainiiig d nuvi 
ATP. Incubate the column for 30 min at room temperature and collect 7 column 
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again using PD10 columns. 
4. The eluate was applied to a DEAE column (see Note 5) and washed. Hsp70 
was coeluted at a concentration of 150 mM NaCl (in DEAE-binding buffer). 
Collect the first eight fractions. Fractions of purified Hsp70 material were tested 
in SDS-PAGE and Western blotting using MAb specific for Hsp70. Fractions 
containing Hsp70 as the major proteins (see Fig. 1) were used for further 
experiments. Protein concentration was determined employing Coomassi Plus 
Protein Reagent (Pierce, IL). 

3.3. Cellular Assavs 

The biological activity of the purified Hsp70 and gp96 preparations can be 
determined in assays containing professional APCs, which produce cytokines 
or upregulate cell-surface-expressed receptors when coincubated with purified 
nors. in me case 01 nsp/u anu gp^o, il seems uiat m-vuio-geiieiaLeu /\r^.s 
like bone-marrow-derived dendritic cells (DCs) and peritoneal exsudate cells 
(PECs) are less sensitive; e.g., they produce only small amounts of inflamma- 
tory cytokines like interleukin (IL)-6, IL-8 or tumor necrosis factor (TNF)-a. 

t~ +u~ ~„„~,.„ „ T i~ — ~„~+u — . TTcn ~~, :„~ — , u ~~~ tt„— ^rv „ T ~„ „„~ a ±~ ~~+:, T ~^~ 

111 liic assays, wncn iuiuuici nor, iiiuiinc ui nuiiiaii xaspuu, was usvu lu cil;livcilc 

APCs, the secretion of cytokines was significantly enhanced and clearly 

uisiiiiguiaiiauic; iiuni ^uiiLainiiiauiig ^iiuuluaiii& iijs.^ iipupuiy sacv^iianuc; \i^lvdj. 
nuwtvti, ii5|;uu in uui lau tuuiu nui u^ puiin^u 111 auinv^iciiL 4uaiiuu^a nuin 

murine tissue or tumor cell lines and, thus, was obtained in a recombinant 

1^1111 11 Will tJtlU^^g,^!!. 

As a readout for the activation of APCs, TNF-a in the supernatants was 

r\ afartni r\ck.r\ witt-rt lr»i2v Vii2ili-\ r^iT or\ar>irir> Ckir\ <~r\ t m m l-iinl^ckri immnnAonmant 0000170 

ia^tv^iiiiiiiv^»a vviuii tuv^ iiv^xl/ ui lsu^hiiv/ hi/j y iAiv^ - xiiiiv^»a iiiiiiiunuoui unn ctooctVo 

(ELISAs) (Pharmingen, Heidelberg, Germany). Because the correct choice 

rtf nrrvfaccirvnol A T3fV i c o-r» imnrvrtn-nt ctfi-r\ TrA-r 1 t^oT-T/^-rmi -r» rv r»^11iilo-r" occcufc ttjo 

describe in the following the isolation and generation of PECs and DC cells 

1. To induce peritoneal macrophages, mice (e.g., BALB/c or C57BL/6) were 
injected with 500 u,L pristane (Sigma, Deisenhofen, Germany) intraperitoneally. 

2. Peritoneal exsudate cells were harvested 5-6 d later by rinsing the peritoneum 
with medium. Only freshly prepared PECs were used in the experiments 

a~„ — :u~j tti ^~ „~~ *„+^j ii +• /fapp\ ^j,,^ -c:~~i„+~j r»T7/~<„ 

ucsunucu. riuuicsucnuc-assuuicucu ucn suiiing v 17 ^ 1 ^ ) analysis ui isuiaicu it^v^s 

showed a >95% staining for the macrophage surface marker Mac-1 (Caltag, 

3. Bone-marrow-derived dendritic cells were generated as previously described 
(12). Briefly, bone marrow was collected from tibias and femurs of one to two 
mice and resuspended in complete RPMI-1640 medium. Two million cells were 
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placed in round plastic Petri dishes (no tissue culture surface) in 10 mL complete 
RPMI-1640 containing 20 ng/mL granulocyte-macrophage colony stimulating 

fnr'tnr fTrlVI'-f'V^l'P'^ n^tinmnl Hnmhura frprmjinv'l 

4. On d 3, 10 mL RPMT-1640 was added containing 20 ng/mL GM-CSF. On d 6 
and 8, 10 mL of the culture supernatants were exchanged with 10 mL fresh 
medium (20 ng/mL GM-CSF). 

5. Then 5 x 10 5 to 1 x 10 6 /mL freshly purified PECs or DCs (on d 7 or 8 of culture) 
were cocultured with titrated amounts of purified HSP in 24-well or 48-well 
culture dishes (Greiner, Germany). After 24 (or 48) h of culture, undiluted 
supernatants were analyzed for cytokines using specific ELlSAs (see Note 7). In 
the case of Hsp70, up to 200 fxg/mL and in the case of gp96, at least 30-50 [ig/mL 



i x t r\ rt 



punnea nc^rs were usea 10 inauce cyiOKine secreuon in me /\r^s (in me case oi 

i^^uiiiuiiiaiii nspuu, tv^n j flg/nij^ iiapuu Miuwtu itpiuuuuuit tiit^ia^. 



3.4. concluding Remarks 

As a positive control for the induction of cytokines by HSPs, LPS (100 ng/mL) 
was added to the cultures. Cultures treated with heat-inactivated HSPs or LPS 
(10 min, 95 °C) served as controls. Polymyxin B, an LPS inhibitor (100 U/mL; 
Sigma, Deisenhofen, Germany), can be added as an internal control, to rule out 
that contaminating endotoxins are responsible for the observed effects. 

In our hands, there was a clear hirachy with respect to the biological potential 
of the individual HSP to activate professional APCs (see Fig. 2). Hsp60, 
even at low protein concentrations, was very effective. Hsp60 is followed by 
biochemically purified gp96, which showed some reactivity to purified APCs 
at higher HSP concentrations (>50 ^ig/mL). Hsp70, however, although being 
described as acting on APCs, in our hands showed a variable induction of 
cytokines (and also of costimulatory molecules on APCs), which in many 
cases could not be clearly separated from endotoxin contaminations. It will be 
interesting, thus, to analyze whether HSPs belonging to given protein families 
maintain specific roles within an organism to activate different functions in 
cells of the immune system. 

4. Notes 

1. Once established, Hsp70 and gp96 can be purified from tumor cells or cellular 
tissue in reproducible quantities and qualities. 

2. To maintain the yield of the HSPs, care has to be taken during a few critical steps 

KJL UlC pUllllVaUUll yiKJlKJKsKJL, 1Y1U31 1II1[JU1 IdlHiy, 11V^i3111J lliaU^ UU11W3 CLLKs lllglll^ 

recommended. We routinely prepare fresh buffers for every new purification 
of HSPs. 

3. The buffers should be precooled, and whenever it is possible and not otherwise 
indicated, individual steps should be carried out at 4°C. When starting to purify 
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rig. Z. ^juuiviiit ac^icaiuii uj' utnuiiuc v^iia lunuwiiig, [lie auuiuun ui nors. uuiit- 

marrow-derived dendritic cells (1 x 10 6 ) were incubated alone ("Medium") or together 
with 10 u.a/mL rer.nmhinant murine Hsn60 f obtained from Stressgen) nv Hsn70 

(50 fig/mL), purified according to the described protocol from murine liver tissue. 
Dendritic cells were incubated overnight at d 6 of culture. HSP were left untreated 
("RT") or were boiled for 10 min prior to the addition to the cultures ("95 °C"). The 
reduction of secreted IL-8 to background levels in cultures containing the "boiled" 
HSP samples as a control indicate that endotoxins (as heat-stable reagents) are not 
responsible for the observed cytokine secretion. IL-8 (as a typical inflammatory 
cytokine) in the supernatants of the cultures was determined using an IL-8-specific 
ELISA. Note the different scales of the v-axis in the Hsp60 and Hsp70 diagrams. 



HSPs, we try not to introduce large pauses during the individual steps, but, rather, 



puiii}' uit iiiji un lwu suuBct[utiii ua)a. 



4. Highly pure Hsp70 and gp96 material should be kept in aliquots to minimize 
contaminations and repeated freeze-and-thaw cycles. Hsp70 can be kept at 4°C 
for long periods of time (up to several weeks and months), whereas gp96 tends 
to degrade at 4°C. Therefore, we keep gp96 at -70°C in small, feasible aliquots 
(e.g., 100-fig aliquots). 

5. In the case of gp96, the ConA columns are discarded after one purification and 
the same holds true for the DEAE columns. In contrast, PD10 columns can be 
used several times (>20 times). 

6. Concerning the release of cytokines from dendritic cells, we observed variable 
results depending on the batch of dendritic ceils. Thus, it seems that individual 
preparations of DCs respond differentially to the addition of HSPs, whereas 

IJIhI^o Trr\m nirrarant r>nlfnnrac nra mr\ra r>Atnnot"ima tt/i+Vi roonar>t +/^» fr»a nottorn 
I I—iKsO 11U111 U111V1V111 \^IA11-U.1\^0 Cl.1V; 111U1V V^WllipW.ltlU'lV^ VV1U1 l^opvVl I.KJ UIV^ JJUXIV^-L 11 

and amount of HSP-induced cytokines. 

7. For the detection of secreted cvtokines. it should be noted that we do not 
use commercial ELISA kits or even precoated plates but instead buy pairs of 
cytokine- specific MAbs separately but from one manufacturer. 
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Genetic Engineering of a Recombinant Fusion 
Protein Possessing an Antitumor Antibody 
Fragment and aTNF-a Moiety 

Jim Xiang and John R. Gordon 



1. Introduction 

Tumor necrosis factor-a (TNF-a) is a cytokine (CK) that possesses a 
wide variety of biological activities, including potent antitumor activities (1) 
and immunomodulatory properties mediated through its binding to two TNF 
receptors (p55 and p75) (2), Signaling through the p55 receptor is primarily 
associated with responses such as cytotoxicity (2,3) and cytokine secretion (4), 
whereas the p75 receptor is responsible for lymphoproliferative signals and the 
activation of T-cells (5), Recently, it has been found that TNF-a has profound 
effects on dendritic cell (DC) maturation (6) and activation (7). In addition, 
it has also been reported to stimulate T-cell proliferation (8) and to activate 
cytotoxic T-cells (9). Because its systemic administration was shown to medi- 
ate the regression of some mouse tumors (10), TNF-a has attracted much 
attention as a potential antitumor reagent (11). However, the problem of its 
dose-dependent toxicity has been particularly apparent in human trials, wherein 
its maximal tolerated dose was 40-fold less than that used in mice (12,13), 
Systemic administration of TNF-a in treatments of cancer patients has usually 
resulted in severe and limiting side effects (11), whereas more local delivery 
(e.g., via isolated perfusion to limbs) has been more effective in mediating 
tumor regression, indicating that antitumor effects are possible if high local 
concentrations of TNF-a can be obtained (14), Therefore, an important issue 
to be addressed is how to achieve a continuously high local concentration of 
TNF-a within tumors without inducing severe side effects. 
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rsiew ueveiopineins m inouern DioLecnnoiogy nave maue new approacnes 
to this problem feasible. One of these approaches is the use of recombinant 

4-11 ]^„„ /A1_„\ J-„ 4- 4- r^T^„ J-„ 4- A 1- 1^^,i1~~ -1-1 ~ J-~ 1-- 1 4-~ 

aiiiiuuuics (/\us) iu targci ^jvs lu iuiiiuts. /\u muicuuics arc auic lu uinu iu 
various antigens, including the tumor-associated antigen (Ag), present on tumor 
cells. Antitumor Abs have been used extensively as vehicles to successfully 
deliver a high concentration of various therapeutic agents, such as antitumor 

UlUgJ), LUAllia, ClllU laUlUllUWllUC^, LU LU111U1 UQ115 CAJJlCSMllg ailLlg^ll^ IC^UglllZ^U 

by these Abs (15). Abs have also been used as delivery vehicles for targeting 

\^±va lu wiii^n liic;^ nave; uc;c;n ^ii^iiii^an^ ^lua&iiiiiY^u v^.g., -rvu/xi IN- y, ici. iuj. 

However, there can be problems with chemical cros slinking approaches, such 

aa luaata vji civlivil}' anu. j_/hjluiii aggiugatujn anu. iiiatauuiLj (j //. r-va an aituinan^ 
ouiau^gj, ii/i'Uiiiuiucu.it luaiun pi^c^uia p^^av^^iug uuui aiiuiumui rvu iiagiiiv^nta 

and CK moieties have been constructed by protein engineering (18-20). 

D i2k r* i2k -n <~1 » j t~ r\ cl fViaronantio nnfanfiolc >~vt ra/iamniTiont Tiinr\n r\rr»tainc nn^ya l-\di2vn 

evaluated in animal models and proven more effective than equivalent doses of 

(~^\^ nlrtTip in ciinnrpccmft tnmrv-r rv-miirtn onn mccAtmnQtmn / 7/ I in nirArpr>mitirr 

tumor heterogeneity, and in eradication of established tumors (22). We have 

r\r<=k"\7ir\ii c1\/ nci^rl crt^-n(^t-tn Atimnpprmrr tn ^rtticrrnnt q tnnncp \rorioV\1pk rpkmr\r» 

UlV/VlUUJlj LAiJV^\_l &V11UI.1U V11&111VW1 iHg •-V-' V/V/llOUUV/L tt 111VJUJV/ VU11UI/1V IVtlUll 

(V)/human constant region (C) chimeric Ab, ccM4, recognizing the human 

tumr\r_ciccr4r'icit(='rl XArr'79 Act CJ^W TVip 1 XArr'79 Act rcrrxcrni ypH H\? tViP 1 R79 ^ AV\ 

is present in the majority of colorectal, gastric, and ovarian adenocarcinomas 
CJd.\ Subseauenfl v we further cloned chimeric heavy- ^nH liaht-rVmin opnpc 

from n rFiNTA lihrnrv of tViiQ r-rA/TJ. trnriQfpr'tnm^ r^ll linf ^2^i* tViic nrnvirlpH 11c 

llvlll v* ■w j_-^ j. ii i. n^^'iw*!. r vx vm. lj s^ s^ i t X i vjl unui '^^ '^' w-' niwt ^^u nn^ i *wm %s w * vm. u k/1 V t ix^-^x^f- wn_r 

with cDNA gene fragments, such as the chimeric heavy-chain (M4H2) gene, 

fhflt nvf* mnrp ampnahlp tn apnptir mnninnlfitinn and construction of fused 
~^~ ^^^^^ ^v^^^^ ^~ — ^^ — ^^ ^^^^^^^^^^ ^^ — — ^ — ^ ^ ^^ ^ 

genes than their genomic counterparts. 

In this chapter, (1) the design and methods for construction of recombinant 
fusion protein RM4/TNF-a possessing the anti-TAG72 chimeric Ab fragment 
RM4 and the TNF-a moiety and (2) the methods for purification and charac- 
terization of RM4/TNF-a will be described. The principle and methods are also 
applicable to the construction of other kinds of recombinant fusion proteins. 



O Material 

tiW. IVICIId IUI 

2. 7. Vector Construction 

1. Primer (5' GAATT CAACA TGGAA TGGAG 3') and primer 2 (5' GGATCC 
GGTGG GCATG TGTGA GTTTT GTCAC AAGAT 3') are complementary to 
the 5' end of the V H region and the 3' end of the M4H2 hinge region, respectively, 
in the plasmid pBM4H2 (25). 

2. Primer 3 (5' ATGGA TCCTA GCTCC TCTCG CACTC CGTCC 3') and primer 

a set r^r^Tr^r^ \ r* att atta r* a r^Tr^r^ n at a a 'ta/^/^o'n „ ~~i — ^ — 4.~ T +^ 

t yj VJVJ 1 V^VJ /^V^/il 1 /il Lt\K-, l\KJ 1 KJV^ VJt\Lt\t\ lt\K^\^ D ) aiC UUllipiClllCllLtll}' LU 
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4.u^ ct 1 or ~*~a~ „ +• — i xr ^iU» txtt? ~: :„ ^.u^ .-i : a 1111 o 1 o 

L11C J anC J CllUS, ICSpCUUVCiy, Ul U1C 11NJT-U, ICglUll in uic piasmiu ivmmipio- 

TNF-a (R&D System, Minneapolis, MN). 

3 10V RprWirm hnffpr- 900 mM Tric-WI nH 8 8 100 mM KC] 100 mM 

•^ * A \_f J. A. J. **. W ki X^ 1- -L 'V J~l <_^ V* J- J- V -L » ^^ \J \J J. J. J. J. r J. J- J- A U J. A "%_^* A • |_^ J. A. ^jf * V-J • A. \_^ \J J. J. J-i r J. J. &. , »^^ J- • J. V^ \J J. J. J_i r J. 

(NH 4 ) 2 S0 4 , 20 mAf MgS0 4 , 1% Triton X-100, 1 mg/mL nuclease-free bovine 
serum albumin (BSA). 

4. dNTP (Strategene Inc., La Jolla, CA). 

5. TwinBlock thermocycler (Ericomp Inc., San Diego, CA). 

6. pfu DNA polymerase (2.5 U/fiL; Strategene Inc.). 

7. £coRI/Z?amffl and BamKl/Sall (Gibco-BRL, Burlington, Ontario, Canada). 

8. IX Digestion buffer solution (Gibco-BRL). 

z.z. expression oi rusion rroiein 

1. Dulbecco's modified essential medium (DMEM) plus 10% fetal calf serum 
(FCS) and the selection reagent (mycophenolic acid [6 [xg/mL]; Sigma-Aldrich 
Canada Ltd., Oakville, Ontario, Canada). 

2. Electroporation cuvet (Bio-Rad Laboratories, Mississauga, Ontario, Canada). 

j. vjciic r uisci ii oysi-ciii ^uiu-jvau i^auuiciiuiica^. 

2__3= Purification of RMA/TNF-a by Affinity Chromatography 



1. Protein A kappa-lock affinity column (Upstate Biotech, Lake Placid, NY). 

r^ — trim ® +— +~- ( a ~,* r^„~„j„ t +j /^~i„ T *ii~ /^~+„~:~ r^„~„j„. 

molecular- weight cutoff <100 kDa). 

2.4. TAG72-Bindina ELISA 
— -- -- — — ^ 

1. TAG72 epitope-rich mucin from bovine submaxillary glands (Sigma-Aldrich 

r*~~~A~ T 4-A \ 
V^tlllilUcl L-lU.j. 

2. Enzyme-linked immunosorbent assay (ELISA) plate (Corning Laboratory Sci- 
ences Elmira NY). 

3. Peroxidase-conjugated goat anti-kappa chain antibody (Jackson Immuno 
Research Laboratories, Bar Harbor, ME; 1 : 5000 in phosphate-buffered saline 
containing 0.05% Tween-20 [PBST]). 

4. ABTS substrate (2-2'-azino-di[3-ethyl-benzthiazoline sulfonate (6)] with H 2 2 ; 
Kirkegaard and Perry Laboratories, Gaithersburg, MD). 

5. Stop solution (1% sodium dodecyl sulfate [SDS]; Bio-Rad Laboratories Ltd.). 

2.5- Cytotoxicity Assay 

1. L929 murine fibroblast cell line (American Type Culture Collection, Rock- 
ville, MD). 

2. Actinomycin D (stock, 5 mg/mL in 95% ethanol; Sigma-Aldrich Canada Ltd). 

3. TNF-a standards (R & D Systems; 1, 5, 25, 100, and 500 pg/mL). 

4. 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL 
in roo, oigma— Aldncn ^anaua j^iu). 
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3. 7. Construction of the Expression Vector 
mpSV2neo-EP-M4TNF-a-PA 

For construction of the fused heavy-chain gene fragment M4TNF-a (see 
Note 1), four oligonucleotide primers are designed for amplification of the 
heavy-chain gene fragment M4 (primers 1 and 2) and the TNF-a gene (prim- 
ers 3 and 4) using the polymerase chain reaction (PCR) method. The M4 
gene fragment includes the mouse variable (V H ), the human constant (C H1 ), 
and the hinge regions of the chimeric heavy-chain gene M4H2 (25). Primer 1 
and primer 2 are used for the introduction of EcoRl and BamHI sites into its 
5' and 3' ends, respectively. Primer 3 and primer 4 are used for introduction of 
BamHI and Sail sites into its respective ends. 

The method for PCR incorporation of new restriction sites into a gene 
fragment for easy cloning into a vector is as follows: 



1 T-"*"fc.T A ^ 1^1 Tl JT ATT/*\ Tl f 1 S~\ -J i~\ m\TT-> 



1. Aaa u.i [ig piasmia ui^/\ {p&Lvwnz or iviumpis-iiNr-aj mio a sterne ^uu-jxl 
microcentrifuge tube. 

/ A r\r\ 1 ill at fl-ia nntnaro (\ mrr/ml • nn m ar o 1 onH O r\r r-\n m 01-0 A rtr\r\ A\ +r\ 

zj. -n-vxvj x lAiL^t kjl uiv/ uiiiiivio yi xxiii/ i±ij_j , px xi-iiv^x o x uxxvx z^, wi uiiinvio ^> wxxvj t/ i.v^ 

the tube. 

3. Add 10 ixL of 10X reaction buffer to the tube, 

4. Add 0.8 piL of 100 mM dNTP to the tube. 

5. Add sterile water to a final volume of 99 [iL. 

6. Place the tube in a TwinBlock thermocycler. Heat the reaction to 9l°C for 5 min 
and then immediately cool the reaction to 54°C for 5 min. 

7. Briefly microcentrifuge the sample and then add l \xL of pfu DNA polymerase. 
Microcentrifuge the sample again. 

8. Carefully overlay the reaction mixture with a drop of mineral oil to prevent 
evaporation from the reaction during the amplification procedure. 

9. Place the tube back in the thermocycler and program the heating block for 

^fl CVCleS f01°r fr>r 1 mir» ^ZL°P fr>r 1 min cmH 79°P f™- 1 min^l 

^s \j \s V vxvu \ ^s J- v J-V^-L j_ 111111. ^/ r v ivi i- mill* unu / ^j %w^ _lwi i- linn /• 

10. After amplification, the M4 and TNF-a gene fragments are visualized on an 
ethidium bromide- stained 1% (w/v) agarose eel. The M4 and TFN-a gene 
fragments obtained from the PCR are shown in Fig. 1. 

11. These two gene fragments are digested with EcoRl/BamHl and BamHI/ Sail, 
respectively. 

12. Briefly, microgram quantities of DNA are digested with 5-25 U of restriction 
enzymes in a volume of 10-50 \xL IX digestion buffer solution appropriate for 
the DNA and endonuclease being used. 

13. The reaction mixtures are incubated at 37°C for 1-2 h. 

1 A TU^. Al , j-^.4 A HA „^-l TXTT^ ~~*~~ -C - ^4-„ j-1 1 : —n+^A l*~±~ 4-1 77„„r»T/ 

It. 111C UlgCblCU 1V1H- clllU 11NF-U, gCllC HclglllClllS ClIC U1C11 llgcUCU 1111U U1C ZLCC1VL/ 

BamHI and BamHl/Sall sites of PUC18 vector to form the PUC18-M4TNF-a. 
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Fig. 1. Ethidium bromide staining of DNA in an agarose gel visualized under 
ultraviolet light. Note a band of 0,8 kb for the M4 gene fragment (A) and another band 
of 0.4 kb for the TNF-a gene fragment (B). 



15. The M4TNF-a fragment (EcoRVSall) purified from the PUC18-M4TNF-a by 
EcoRI and Sail is ligated into the EcoRVXhol site of mpS V2neo-EP-PA (26) to 
form the expression vector mpSV2neo-EP-M4TNF-a-PA, as shown in Fig. 2. 

16. Briefly, the purified M4TNF-a fragment is mixed with the vector mpSV2neO- 
EP-PA DNA at a molar ratio of approx 3:1 in 10 u,L of solution containing 
50 mM Tris-HCl, pH 7.6, 10 mM MgCl 2 , 10 mM dithiothreitol (DTT), 1 mM 
ATP, and 5 U T4 DNA ligase. The mixture is incubated at 16°C for at least 
2 h. Optimal results are obtained by incubating the reaction overnight. In the 
expression vector, EP and PA stand for the immunoglobulin enhancer (E), 
promoter (P), and polyadenylation signal regions. 

3.2. Expression of the Recombinant Fusion Protein RM4/ TNF-a 

The expression vector mpSV2neo-EP-M4-TNF-a-PA is transfected into the 
V K C K cell line expressing the chimeric light-chain gene (23) for expression 
of the fusion protein RM4/TNF-a, comprising the anti-TAG72 F(ab) 2 (RM4) 
and the TNF-a moiety, V K C K cells are grown in Dulbecco's modified essential 
medium (DMEM) plus 10% FCS and the selection reagent (mycophenolic 
acid [6 jig/mL]; Sigma-Aldrich Canada Ltd., Oakville, Ontario, Canada) for 
the gpt gene, in order to keep the light-chain expression vector mpSV2gpt-EP- 
M4K4-PA (26) in V K C K cells. 

1 . Harvest the V K C K cells and wash twice with PBS. 

2. Resuspend 2 x 10 7 V K C K cells in 0.8 mL phosphate-buffered saline (PBS). 

3. Add 10 u-g of the expression vector mpSV2neo-EP-M4-TNF-a-PA DNA to the 
cell suspension and mix gently. 

4. Transfer the cell suspension into a chilled 1-mL electroporation cuvet. 
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Fig. 2. Expression vector mpSVneo-EPl-M4-TNF-PA and the amino acid sequence 
of the fused gene fragment M4/TNF. Demarcated are the leader peptide region (L), the 
framework regions (FR), the complementarity-determining regions (CDR), the joining 
segment (J), the constant region 1 (C H1 ), the hinge region (H), and the human tumor 
necrosis factor (TNF). The asterisk represents the stop codon. In the expression vector 
mpSVneo-EPl-M4-TNF-PA, gene fragments are abbreviated as follows: heavy-chain 



-■ s^i 



T T 1 



vanaoie region, v H ; constant region i, u H1 ; ninge region, n; numan tumor necrosis 
factor, TNF; immunoglobulin enhancer and promoter, EP1; polyadenylation signal 
region, PA. 



5. Electroporate the cells using 250 V and 125 capacity settings on a Gene Pulser II 
System. 

6. Keep the cuvet on ice for 30 min after electroporation. 

7. Transfer the cells into 20 mL DMEM plus 10% FCS and mix gently. 
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0. rime iuu jAi^ ui mc ucn suspension imu caun wen ui iwu ^u-wcn pieties miu 
incubate at 37 °C overnight. 

Q AHH 100 uT nf DMPA/T nine 10<% FP^ H41R (A mo/mT • nihrn Rnrlinotnn 

Ontario, Canada) and mycophenolic acid (6 fig/mL) to each well (see Note 2). 

10. Harvest the positive growth clones after 7-10 d and expand them in DMEM plus 
10% FCS, G418 (0.5 mg/mL), and mycophenolic acid (6 fig/mL). 

11. Grow a positive clone secreting the recombinant fusion protein RM4/TNF-a in 
a large volume of the medium (see Note 3). 

12. Harvest the culture supernatant for purification of RM4/TNF-a. 

3.3. Purification of RM4/TNF-a by Affinity Chromatography 

The Protein-A affinity column has been commonly used for purification 
of immunoglobulin molecules because of its high-affinity binding to the Fc 
portion of immunoglobulin. However, because the fusion protein RM4/TNF-a 
contains only the F(ab) 2 , not the Fc portion of immunoglobulin, we used a 
kappa-lock affinity column (Upstate Biotech, Lake Placid, NY), which binds 
the kappa chain of the fusion protein, for purification of RM4/TNF-CL 

1. Filter the culture supernatant through a 0.45-"m filter and adjust the n H to 
7.2-7.4. 

2. Wash the kappa-lock column with several column volumes of PBS. 

3. Run the cell culture supernatant through the column matrix several times to 
saturate the IgG kappa-chain-binding capacity of the column. 

4. Wash the column with PBS until the nonspecifically bound fusion protein no 
longer elutes from the column, using a spectrophotometer or ultraviolet (UV) 
monitor (OD 28 q) to confirm the end point. 

5. Eiute the fusion protein from the column by running 10 mL of 0.1 M citric acid 
elution buffer through the column, collecting the elute into 1-mL fractions. In 

U1UU IU 11111111111ZjV UIV^ UlllA^ UlCll U1V CUlU.UU\J±VO IV^lllCUll 111 ail aHUlV VllVlUJlllllV^lH., 

elute the column directly into tubes containing 250 \xL of 1 M Tris-HCl buffer 
(pH 9.0) for pH neutralization. 

6. Analyze the protein content of the eluted fractions by measuring the OD 28 o of the 
fractions as shown in Fig. 3 and pool the protein-containing fractions. 

7. Dialyze the eluted fusion protein overnight against three changes of PBS 
(1 L each time). After dialysis, determine the protein concentration of the eluted 
fusion protein solution as above and, if necessary, concentrate the eluted protein 
using a Centriprep concentrator. 

3.4. nharar.teriratinn nf RMd-TNF-n 

IT m mm ^mr m m vb m wb v * W ■ *■■■ wm m ■ IT ■ ■ W r ■ ■ ■ m m m m m B W M V^W 

In order to check whether the fusion protein RM4/TNF-a contains the 
functional anti-TAG72 RM4 and TNF-a moiety, we perform two tests, a 
TAG72-binding ELISA and a cytotoxicity assay, for characterization of RM4 
immunoreactivity and TNF-a bioactivity, respectively. 
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Fig. 3. Analysis of the ^rotein content of eluted fractions. The recombinant 
fusion protein RM4/TNF-a bound to kappa-lock affinity column was eluted by using 
0.1 M citric elution buffer. Each fraction of the samples was measured at OD 280 in 
a spectrophotometer. 



3.4. 1. TAG72-Binding ELISA 

In the TAG72-binding ELISA, the wells are coated with the TAG72 epitope- 
rich mucin from bovine submaxillary glands ( Sigma- Aldrich Canada Ltd.) 
(23), which should capture the TAG7 2- specific RM4-TNF-a fusion protein 
from the samples. Subsequently, the wells are blocked with a protein solution 
that will not bind other assay components (e.g., PBS- 10% BSA), and then 
peroxidase-conjugated goat anti-kappa chain antibody is applied to bind to the 
kappa-chain of fusion protein RM4/TNF-a as well as to the positive control 
B72.3 antibody: 

1 Pnnt P^h W el] of the PT ISA Dlate with 100 uL of mucin (1 ue/mL) in PBS 
Cover the plate and incubate it overnight at 4°C. 

2. Wash the wells two times with PBST. Block the plate bv adding 200 uL of 
PBS containing 10% BSA to each well, cover the plate, and incubate at room 
temperature for 2 h. 

3. Wash the wells two times with PBST as in step 2 and add 100 jaL of the fusion 
protein sample(s). To a separate set of wells, add a control B72.3 antibody 
standard curve, starting at 2 [ig/mL and using doubling dilutions thereafter. 
Cover the plate and incubate overnight at 4°C. 

4. Wash the wells four times with PBST and then add 100 jaL of peroxidase- 

v^uiijugcucu guai anu-js.appa ^iiain aiiuuuu)' uu ccivn wen anu nicuuaic iui ^u 111111 

at room temperature. 
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D. wasii uic picn.cs iuui nines wiui rooi, tiuu iuu jaj^ ui /\o i o suusutue 10 
each well, and then place the plates in a dark location for 20-45 min at room 

tpmnpraturp tn nllnw thp rpnr-tinnc tn Hpvplrm TTip nlntpc fan hp rpnH Hirprtlv 

LvlllL/Vliil-U-1 V tv wiiVTT niv -l VC1V hv hu i-v wv r vivk/t xnv L/ld-l-WLJ vuu jj 1 w 1VWU vm. vvn.j 

at this point, or 100 \iL of stop solution may be added to reduce plate-to-plate 
variability when reading larger numbers of plates. 
6. Read the plates using a microplate reader with a 405-nm wavelength filter and 
analyze and plot the data. 

3.4.2. Cytotoxicity Assay 

Tumor necrosis factor-a activity is usually detected using a cytotoxicity 
assay, often with the L929 murine fibroblast cell line (American Type Culture 
Collection, Rockville, MD). L929 cells are sensitive to TNF-a, such that this 
cytokine kills the cells over approx 18 h (see Notes 4 and 5). These cells 
are most sensitive to the effects of TNF-a in the presence of low levels of a 
transcription inhibitor (e.g., actinomycin D). 

i. uic uay uciuic uic assay, iituvesi \^yz.y ucns nuin a nasft. vy trypsinization. ±u 
do this, remove the DMEM plus 10% FCS medium and replace it with 10 mL 

nf cprnm-frpp "niVTlnlVr rnntninina A— S Hrnnc nf 1 % tr\mcin ffrihrn^ Allnw thp 

vi kJ WX 1^111 XX WW' X- ^ X t IUIt X wii l>lillllll£. i «~-* VJ>X W L/ lj WX X / \s U. j yj Jill \ V_J X KJ vv / * J. lllv r V lllv 

trypsin to digest the cells off of the plastic (see Note 6). 

2. Wash the dislodged cells in DMEM plus 10% FCS medium, resuspend them 
to 4.5 x 10 5 cells/mL, and dispense 70 \xL to each well of a 96-well plate (see 
Note 7), leaving some wells cell free, but containing all other reagents, as assay 
blanks. Place the plate in the 37°C C0 2 incubator overnight. 

3. The next day, just prior to running the assay, remove all of the serum-containing 
medium from the wells by inverting the plated and vigorously flicking it. Add 
180 [aL of serum-free DMEM containing 2.5 [xg/mL actinomycin D (stock, 
5 mg/mL in 95% ethanol; Sigma- Aldrich Canada Ltd). 



I /~\t t i^v I n 



<4. nuu it^uiiiuiiiaiiu iim -*ji aiaiiuanao anu uit iumuii piui^in aampi^a yai i^v^ia 

within the range of the standard curve) to the appropriate wells, each in a 20 \xL 
total volume, so that the total well volumes equal 200 uL. 

5. Return the plate to the 37°C C0 2 incubator overnight. 

6. The next day, examine the cells under the inverted microscope to get a feeling 
for the relative levels of L929 cell death in each well. Add 20 ^iL of 3- [4,5- 
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide to all wells, and, again, 
return the plate to the incubator. 

7. After 45-60 min, re-examine the cells visually to confirm the levels of MTT 
conversion to formazan dye in the mitochondria. Remove 150 ^iL of medium 
from each well in the plate and replace it with 1 00 \xh of acidified isopropanol 
(0.375% HCl in isopropanol). 

Q \//-v*"+a-v + r»£i nlntao r\n o*-» L(T Tv A nlnta onnb-af *T nK T ii-»£S mntfiimQn+ Inr* \/l £\\rr\c<£\ 

(J. YUllV^A U1V/ UiaH/O ^11 Ctll I ;i /iiin L»±UXV^ OllCllVV^J. yi^itXU~l^/lLl\^ J.llOU.UlllVlll. -Lll^., lyiV/UUJV/ 

Park, IL) to solubilize the formazan precipitates within the mitochondria and 
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read the plates on a mieroplate reader at 595-nm wavelength. Calculate the 
cytotoxicity in each of the wells using the formula: 

Percent Mean OD 590 medium control wells - OD 590 experimental well 



Cytotoxicity lVfpan OD,„ mpHium rnntrnl wells 



X 100 



oyu 



9. Calculate the mean (±SEM) cytotoxicity for each TNF-a standard (see Note 8) 
and fusion protein sample and graph your results. Perform a statistical analysis 
to confirm that your results are meaningful (see Note 9). 

4. Notes 

1. To avoid mutations when amplifying the M4 and TNF-a gene fragments, we use 
pfu DNA polymerase instead of Taq I DNA polymerase. Pfu DNA polymerase, a 
proofreading DNA polymerase isolated from Pyrococcus furiosus, exhibits the 
lowest error rate of any DNA polymerase studied. This feature makes it the ideal 
choice for high-fidelity DNA synthesis by PCR. 

/ Tr\ inr>raooa trio rr»-i~«T7tr» At nnoitufa <">l/-vncici in o ol £ir»ti An ma/imnn iTia nciiolK; ra/inr>a trio 
Z/. IU ±a±Vav<J.Ov U1V g,LUV»Ul Ul pMOlUVV v±VjF1avO aa± OWVVUUU ±aavU±U.aaa, VVv UOUttllj avVJ-UVv U1V 

G418 concentration in the selection medium in each well 3 d after adding the selec- 
tion medium. This can be easilv done bv careful asniration of 1 50 ixL of the selection 
medium in each well and replacement with 150 piL of DMEM plus 10% FCS. 

3. To increase the yield of fusion protein, the positive clone should be subcloned 
once by limiting dilution. The clone secreting the highest amounts of fusion 
protein can be detected by testing the culture supernatants of the various clones 
in a TAG72-binding ELISA. 

4. L929 cells can lose their sensitivity to TNF-a, particularly if they are not 
carefully maintained as subconfluent cultures. Use of subconfluent L929 cell 
monolayers is also critical within the assay, as cellular overgrowth reduces the 
sensitivity of the assay. 

S TIia n\rtr\trw\n ^-Ff^r>to n-f TNTln-r* art* mckrlre±r\]\T HimirneliArl V\\r tV»£» nrACAti^A nf 

•^ . A AAV V> IVIV/11V VJ-AVVt-U V^A A 1. 1 A \Ju Ui V lllUilVVVlij U11111111J11VU «-/> U1V U1VJV11VV Ul 

other proteins (e.g., FCS) so that, as much as possible, the samples should be 
free of extraneous Droteins. 

6. The process of trypsin digestion of subconfluent monolayers of L929 cells off 
the plates can be exploited by watching the cells and, when they are beginning 
to lift (i.e., many still remain attached), forcefully slap the flask on your thigh. 
All cells should be dislodged instantaneously. 

7. The L929 target cells for the TNF-a assay should be at about 90% confluency at 
the time of sample addition to the wells. Because the cells proliferate strongly 
in DMEM containing 10% FCS, the volume of cells to be added to the wells 

a-u :~u± u~£~~~ +u~ „„„„,. ~„~ i t „~*~j a — — a:~ +u~ ~i„~ 1 +*~,~ u~+„ T 

uic iiigiii uciuic uic assay uctn uc vtiiicu, ucpciiuiiig uii uic cicipscu nine uciwccn 

plating the target cells and actually running the assay. 

R Tn c\rc\e*r tn rnnpliiQivpIv HpTYinTiQtrntp that thp rvtntnYir nptivitipc nhcprvpH in 

**S * A_AA VAV»VA VV 'V V-TAA*^ A V*U A T '•t^ A J ^* -*** A A A I^T A A U **A WV ^^ VAAV*V VAAV ^t^ J IV/lV^llV V^-^t^VA J A VA »f U V^ **S U ^f'A T '•t^ ^* AAA 

the L929 cell killing assays are attributable to TNF-a, neutralizing anti-TNF-a 
Ab can be added to a set of fusion protein control wells. This should block the 
cytotoxic effects in these wells. 
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f\ Tj. 1 „ 1 j. i. i„ ' j.1 j. j.1 A /T' I " I ' T J i. 11 J j.1_ 

y. iL is impuiuuii iu icuugiiize mai me ivn i assay uues nui ineasuie ucn deamper 
se, but rather the mitochondrial activity of the cells. Thus, viable cells that, for 

wVmtpvpr rpiicnn Hicn1n\f n rpHnrpH mpfnhnlir' npt-ivitv r-milrl inr-nrnnrafp A/TTT 

¥ ¥ AAWH-W T ^-'A J- VM/L»\/J.J.i ^f>ALJ |_/ X CI/ > M. J- V ^* V* >• W ^* 111V t< CIKJ ^y A A X^ Wt-V*' »,A V A », > V^"V>' Vt-A^A AAAV*' VA k/Vi Wl-V A T A. A. A. 

at levels equivalent to populations suffering some degree of TNF-a-mediated 
cytotoxicity. For this reason, it is prudent to examine the L929 cells microscopi- 
cally prior to lysing them with the acidified isopropanol. 
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Genetic Engineering of Dendritic Cells 

by Adenovirus-MediatedTNF-a Gene Transfer 

Jim Xiang and Josh Wu 



1. Introduction 

Dendritic cells (DCs) are one of the most potent antigen-presenting cells 
(APCs). They migrate as precursors from the bone marrow into various organs, 
where they usually reside in an inactive state (1). However, during this regional 
residency, these cells can efficiently endocytose and process antigens (2). Upon 
activation, they undergo a differentiation process that results in decreased 
antigen-processing capacity and enhanced expression of major histocompat- 
ibility complex (MHC) and costimulatory molecules, after which they migrate 
to the lymphoid organs to interact with or activate naive T cells (3,4) . Because 
of the critical roles DCs have in the generation of primary immune responses, an 
important avenue of investigation is their potential for modulating immunologic 
functions, such as the induction of immune tolerance or tumor immunity. 
Recently, it has been shown that DCs pulsed with tumor-derived MHC class 
I-restricted peptides or tumor lysates are able to induce significant cytotoxic 
T-lymphocyte (CTL)-dependent antitumor immune responses in vitro as well 
as in vivo (5-7). However, the therapeutic efficiency of these DC vaccine 
strategies has been quite limited, because they have protected against rechal- 
lenge with only small numbers of parental tumor cells or inhibited very early- 
stage-established tumors. Thus, a strategic goal of current cancer vaccine 
research has become the induction of stronger tumor-specific CTL responses. 

The maturational processes of DCs are efficiently regulated, such that these 
cells can achieve different states of activation/maturation and, thereby, different 
functional properties (1), depending on the precise nature of the signals they 
receive from their microenvironment. A number of cytokines that can be 
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produced by DCs themselves (or by other cells within the local microenviron- 
ment) can significantly affect DC function at various levels, including their 
viability, morphology, migration, expression of MHC and accessory molecules, 
and binding and processing of antigen peptides (8). For example, granulocyte- 
macrophage colony-stimulating factor (GNI-CSF), alpha tumor necrosis factor 
(TNF)-a, interleukin-4 (IL-4) and gamma interferon (IFN)-y (9), and inflam- 

iiicuuiy auniuii suuii a;> iiilciicujviii ^1L,J-1, ij^-u, cuiu iim -ut (o,jv/ cue auic lu 

stimulate DCs to mature into cells with a strong T-cell stimulatory potential. 

v_/i p^inapa inuic; crimen inipui lcujvc; lu v^anvc;± iiiiiiiuiiuiug^, L/aucui ^l ai. navC 

demonstrated that the induction of antitumor immunity by DC vaccines is 

v^vju^iau^u. witu liiv^ inatui atiwii dLagi^ay ui tui^ j-/\^a (j j/. hi tuia itaptti, ini -<Jt 
appv^cu.3 LU navv^ piwx^uiiu. v^nv^^La ^11 u\^ iuh^lujii, un^aus^ il cuinnuun/a wj liiv^ii 

maturation (12), activation (13), and migration to, and accumulation within, 

rlroimnrf 1 ^ ftm t-\ ri rt >~v /"I <2» o 11/1 7^1 f T « Ti^-n <" ri <zi o 121 arra^tc /~vt T^MW /"* /~vn 111 o T^MW /"w 

uiciiiiiiig, xjiiipn nv^iav^o ^-r,.*,^/. vjivhi tuv^o^ v^j-j^v^to ui 1111 - va v^ii j-'v.^o, 1111 _ va 

becomes a good candidate for induction of DC maturation and enhanced 

ontif"iimr\r immn-nit\f xun^n triACA motnrA/i T^^c orp iicpn fnr nonnpr ^rar>r>iriAC 

Adenoviruses (AdVs) have become popular viral vectors for the delivery 

n^-f "Fr\r<=ki rrn cr^rt^c mtn mammalian r»pk11c mainlw h<^r»anc<^ r\-f th^n* lorrv^ r»1r\m-nrr 

capacity, their ease of genetic manipulation and growth, and their ability to 

infppt mciny HiffWri^nt ticcu^ h/npc rrintcnrnncr KritVi HiA^irlincT Qnrl nonrliA^irlincT 

1111VVI iiiH-LiV U111V1 VAAV ViUUtl.>^ VJf 1_/V^U VVlllUllllllt U VH1 VJ-A V IWlllt U11U 11V11U1 V IVilllt 

cells (/^). AdV has a linear double-stranded DNA genome of about 35 kb, 

flnnVprl hv chnrt inverted terminal rpnpntQ rnntninina nriainc nf F)NFA rpnlirntinn 

A A d'J-JJ.VWV./l- *_T T UAAV-'A V 111 T "^ A L-WVJ- LVl lllllltil A ^ |_/ ^ V* V U ^ Vll VVUi.lJ.114> Vv' 1 1W1HU X^ -L J_-^ 1 11 1 1 '^^ L/ll V tl Vl V/ll 

S17\ TVip pynrpccinn nf viral qp.tip.q from AH FiNTA apnnmp ic Viiarilv regulated 

I -A M 9 • -1 11^ ^/^V l-'l '^^ kJ LJ J. V/ll ■\_/l- T 11 V-*l 4»'^^11'^^U XX V-'lll 1 i-V-J- JL-^ 1111 C.V11V111V 1 u lllwlll T 1 ^>— \ v*iw» v^ x ^"9 

which can be divided into early and late phases. There are four regions of 

enr1v-nha<;p trnn^rrintinn fF.1— ¥*A\ and fivp 1ntp-trnn<;rrintinn rpainn<; (LI— L5) 

in human Ad type 5 (AdV5). Currently, most AdV vectors for gene delivery 
are based on El and E3 deletion mutants (18^. Deletion of these regions allows 
vectors to accommodate larger inserts, removes the region (El) associated 
with cellular transformation, and promotes efficient transgene delivery and 
expression in the absence of significant viral vector gene expression. Several 
methods have been developed to insert a transgene into an Ad vector; they 
include (1) direct in vitro ligation of transgene with AdV genomic DNA (19), 
(2) homologous recombination between AdV genomic DNA and a transfer 
vector (20). (3) homologous recombination between two transfected Dlasmids 
(21), and (4) Escherichia coli plasmid, cosmid, and yeast artificial chromosome 
(YAO svstems (22-24). The recombinant adenoviruses have several biologic 
characteristics that make them more effective vectors than retroviral ones for 
somatic gene theranv of tumors (25). Adenovirus vectors have a broad host and 
cell range and high levels of transgene expression. In addition, there is little 
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possibility of insertion mutation of the host gene. In contrast, this risk may be 
increased with the use of retroviral vectors, because the insertion is episomal. 



1*1* i i ** /** * /"* i * * i i * 

rne aoiiity to prouuce large quantities oi purmeu virus witn relative ease 
makes this system very attractive in the delivery of transgenes into the cells 

* /"* * 1 1 1 * * T^\ 11 * * * 

or tissues tor experimental anu ciinic uses, recently, tue genetic engineering 
of DCs by adenovirus-mediated cytokine gene transfer has been reported to 
induce ennancea anutumoi immunity wnen uacu as cancel vaccines \av,a/ /. 
In this chapter, (1) the design and methods for construction of recombinant 

auciiuvnus c^Api^aanig llNr-CX, \l.) liic; iii^uiuua iui generailOn ui uuii^-iiianuw- 

derived DCs, and (3) the methods for genetic engineering of DCs by adenovirus- 

in^u-iat^u. ijyi'-u gv^iii^ Liaii^iv^i Will uv^ uwtnutu. mu puii^ipi^ anu. iii^tuwu.^ 
aiv^ aiaw cippn^ciuiv^ \,vj tvUij.au.u-kvLJ.vjii ui ULllCl jviiivia kjl ±v^v,/\j±±±u±±±cu±l auniuviiuo^a 

and to genetic engineering of other kinds of cells with adenovirus-mediated 



g^HV^ UClllOAV^l. 



ivieuiuua 



2.7. Construction of Recombinant Adenovirus AdV-TNF-a 
Expressing TNF-a 

1. Oligo l (5' GGA ATT CAC TAT AGG GAG ACC CAA GCT GGC TAG 3'). 

2. Oligo 2 (5' GGC TCG AGA TTA TTA CAG TGC GAT AAT ACC GAA GTA 
CAC 3'). 

3. 10X Reaction buffer (200 mM Tris-HCl, pH 8.8, 100 mM KCl, 100 mM 
(NH 4 ) 2 S0 4 , 20 mM MgS0 4 , l% Triton X-100, I mg/mL nuclease-free bovine 
serum albumin [BSA]). 

5. TwinBlock thermocycler (Ericomp Inc., San Diego, CA). 

ft Tan\ DNA nnlvrnprflQp (2 5 TT/uT • Stratesene Tnr ^ 

7. ZscoRI/X/zoI (Gibco-BRL, Burlington, Ontario, Canada). 

8. pLpA-TNF-a and pJM17 (Microbix Biosystems Inc., Toronto, Ontario, Canada). 

9. 293 Cells (Microbix Biosystems Inc.). 

10. IX Citric saline (10X citric saline stock, 50 g potassium chloride, 22 g sodium 
citrate in 500 mL distilled water [dH 2 0]). 

11. Lysis buffer (10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 10 mM EDTA, 0.5% 
sodium dodecyl sulfate [SDS]) containing pronase (0.8 mg/mL; Sigma-Aldrich 
Canada Ltd, Oakvilie, Ontario, Canada). 

12. Dialysis buffer (10 mM Tris-HCl, pH 7.4, 1 mM MgCl 2 , 10% [v/v] glycerol). 
1 a 1 o; n^nA (it. 1 ^ n nc,n\ riioo^i,,^ ;« 1 c\c\ ™t rt fiv t vt\ huffpr^ ( ?t>t> «^«« i c\ 

A^J. L.^^J V^3V1 \^>\J.±\J g \_-OV_-l UIOOUIVUU 111 1KJKJ 1111^ UI 1 ^V 1 L/ UUllUl^/ ^JCC 3l^p A»J } . 

14. 1.40 CsCl (62.0 g CsCl dissolved in 100 mL of IX TD buffer). 

15. IX TD buffer (170 mM NaCl, 6 mM KCl, 1 mM NaH 2 P0 4 , pH7,5), 

16. 1.33 CsCl (51.2 g CsCl dissolved in 100 mL of IX TD buffer). 
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£..£.. ueneiic engineering 01 uu witn Ausnovirus-ivieuiawu 
TNF-a Gene Transfer 

X-gal staining solution (0.5 mg/mL X-gal, 0.5 mM potassium ferricyanide, 
0.5 mM potassium ferrocyanide, 0.2 mM MgCl 2 ). 

o. Methods 

3.7. Construction of Recombinant Adenovirus 
AdV-TNF-a Expressing TNF-a 

In this section, we describe the construction of recombinant AdV5 express- 
ing TNF-a based on homologous recombination between two plasmids, pLpA- 
TNF-a and pJM17 (28). In this system, the plasmid pJM17, containing the 
complete AdV5 J/309 genome with an additional 4.3-kb DNA fragment 
inserted in the El region, is used for cotransfection with a transfer vector 
containing the transgene TNF-a. Because the size of pJM17 exceeds the AdV 
packaging limit, transfection with pJM17 alone barely generates adenoviruses. 
Homologous recombination between the flanking AdV sequences in the transfer 
vector pLpA-TNF-a and pJM17 results in replacement of the additional DNA 
fragment with the transgene. The reduced size of the construct allows genome 
packaging and virus formation in 293 cells. 

3.1.1. Construction of Transfer Vector pLpA-TNF-a 

The plasmid pLpA (28), which contains the left 17% of the AdV5 genome 
with the deletion of El region, is used to make the transfer vector pLpA- 
TNF-a. To do this, the 0.8-kb DNA fragment encoding the TNF-a with an 
Ig K-chain leader sequence is obtained by polymerase chain reaction (PCR) 
amplification from the plasmid pSec-TNF-a (28). Oligo 1 and Oligo 2 are used 
as primers for PCR. An EcoRl and a Xhol site are engineered into Oligo 1 
and 2, respectively, for easy cloning into a vector. PCR reaction is performed 
as follows: 



.1.1 A 1 



1. /\uu u.i fxg poec-ii>jr-u ui>/\ mio a sierne juu-[aj^ iiiicroceinniuge luoe. 

2. Add 1 fxL of the primers (1 mg/mL; primers 1 and 2) to the tube. 



AHH 1 llT <"*f 1 n"V rpor>tiAti huffier +r\ tV»£» tiiK^ 



4. Add 0.8 uL of 100 mM dNTP to the tube, 

5. Add sterile water to a final volume of 99 \xh. 

6. Place the tube in a TwinBlock thermocycler. Heat the reaction to 91°C for 5 min 
and then immediately cool the reaction to 54°C for 5 min. 

7. Briefly microcentrifuge the sample and then add 1 fxL of Taql DNA polymerase. 
Microfuge the sample again. 

8. Carefully overlay the reaction mixture with a drop of mineral oil to prevent 
evaporation from the reaction during the amplification procedure. 
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:?. nauc uic luuc uuun in uic uieiiiiuuyuiei miu jjiugimii uic iicaung uiuck iui ju 
cycles (91°C for 1 min, 54°C for 30 s, and 72°C for 30 s). 

10 Aftpr nmnlifir'ntinn thp ZL-Vh TNU-n frnampnt ic vicnri1i r 7Pr1 nn fin pthiHiiim 

j. \J * i 11 LV1 wtu.J.k/xxj.1. vU-llV/11* U.J. V V_/ * ■ 1VL/ J. J. T -i VA 11 U>£.111V11 1- alt V lu UUIIZjVU vn mii W Llllvll U-± J.J. 

bromide- stained 1 % (w/v) agarose gel. The TNF-a gene fragment obtained from 
PCR is digested with the restriction enzymes EcoRl/Xhol. Briefly, microgram 
quantities of DNA are digested with 5-25 U of restriction enzymes (EcoRl and 
Xhol) in a volume of 10-50 \xL of IX buffer solution (Gibco-BRL) appropriate 
for the DNA and endonuclease being used. The reaction mixtures are incubated 
at 37°C for 1-2 h. The digested TNF-a gene fragment is then ligated with the 
£coRI-Sa/I-digested pLpA vector resulting in a plasmid pLpA-TNF-a. Briefly, 
the digested TNF-a gene fragment is mixed with the digested vector pLpA at 
a molar ratio of 3 : 1 in 10 \xL of solution containing 50 mM Tris-HCi, pH 7.6, 

1 a ^,)i/r A/r^r^i 1 r\ ^fl/r auu:^+u~~:+^ rr\T"~r\ 1 ™Ti/r atd n «^ cttt/1 f\ma k^ qc ^ 
iu YlUVl iv±g^±2, iu iiuKi uiuiiuuiiitiLui V 1 - 71 L )■> L if\lVl .rvijr, anu j u it ±-/i>.n ugaa^ 

(Gibco-BRL). The mixture is incubated at 16°C for overnight. Thus, by using 
this vector, the TNF-ol expressed from the recombinant AdV-TNF-cx is able to 
be secreted from the infected cells. 

3. 1.2. Generation of Recombinant AdV-TNF-a Expressing TNF-a 

Tn opnpratp rprnmVnrmnt AHV rrilriiim nhncnhntp pnnrppinitntinn ic iicpH tn 

J- V^ WVllVlULV 1 VVV/llll/llliilll' J. i.\J- T * ViilVllilll L/llVUk/llUVV VVk/A VVAL/iHAViVll J-kJ vtuvvv tv 

cotransfer plasmids pLpA-TNF-a and pJM17 into 293 cells. The 293 cells are 

human p.mhrvn kiHnpv cells that wptp transfnrmpH hv shmrrd aHp/nrwirnc tvnp 

5 DNA by Dr. Frank Graham. Because 293 cells contain the early region 1 of 
AdV5, thev can complement the growth of El defective adenovirus vectors and 
are used extensively for propagation and titration of adenovirus vectors with 
deletion of El sequences. 

3.1 .2.1 . Cell Culture 

1. Thaw one vial of the frozen low passage 293 cells in a 37°C water bath. 

2. Transfer cells dropwise into a T75 tissue culture flask containing 15 mL Eagle's 
modified essential medium (EMEM) (Gibco-BRL, Burlington, Ontario, Canada) 
medium plus 10% fetal calf serum (FCS). 

3. Maintain cells at 37°C in an atmosphere of 5% C0 2 . For 5 h after incubation, 
change media once to remove any traces of the freezing medium from the cells. 

4. Remove growth medium from tissue culture flasks when 293 cells are approx 

QO% rnnflnpnt 

s \-f i \y vvniiwviin 

5. Wash the 293 monolayers two times with IX citric saline 

6. Decant citric saline except for a volume sufficient to cover the cell monolayer. 

7. Incubate at 37°C for 3-5 min or until cells begin to loosen from the flask. 

8. Complete the cell detachment by tapping the side of the flask. 

9. Once the cells are in suspension, dilute the mixture in growth medium and 
distribute to three flasks for further incubation (see Note 1). 

10. When preparing 293 cells in T75 flasks for transfection, use one flask for 
each transfection. Cells are ready for transfection when they reach about 80% 
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uuimuciiuy. imcc nuuis jjiiui iv transiection, icpiauc ineuici wiui ncsn civicivi 
consisting of 10% FCS. 

3.1 .2.2. Cotransfection of 293 Cells with Plasmids pLpA-TNF-cx and PJM17 

Tri (=i r»a1r»mm r\r»r\er\r» at i^ DMA ^nmnlAY ic marlA V\\r ncinrv trip* PqIphiiti 

Phosphate Transfection System from Gibco/BRL (cat. no. 18306-019). One 

milliliter r\f r'cilr'iiim nlir\cn 

iiiniiiitvi \s±. vuiviuiii l/iivdl; 

one T75 flask of 293 cells. 



milliliter r\f" r'cilr'iiim r\V»r\cr\ViQte T^NTA cncr\encir\n ic tippHpH T*r\r tronofer'tirm r\"f 

llllllllltVl V^-L VU1V1U111 L/llVJL/llkll.V J_>^J.^J. i. LJUL)L/V11L)1V711 J. L_J -L A W W \_**»/ \_* J- \_» J- UU11J1WUV11 V^-L 



1. Prepare IX HEPES -buffered saline (HBS) by adding 0.885 mL Transfection 
Qualified Water to 0.1 mL of 10X HBS in a sterile tube and mixing well. Then, 
add 15 \xh of 1 iVNaOH to the mixture. The amount of IX HBS prepared in this 
way is enough for two transfections. 

2. Label two sterile polypropylene tubes as A and B. Then, add 0.5 mL of IX HBS 

_„ J 1A ,,T — 1 „1 j._ 1--J.!-.- j._ J.--1 A _.-J- * 11 A J J 1 A ,,„ „ T — A F\\T A 

aiiu iu [XJ^ pnospnaie suiuuun 10 wue A anu mix wen. /\uu iu [Ag pLp/\ i^in/\ 
and 10 jxg pJM17 DNA to tube B in a total volume of 0.43 mL in Transfection 

Ounlifierl Wntpr fWllrvw^H Vm nHHinrr Hmrmriei=» £\(\ 11T r»f r-nlr-inm cr»1ntir»n lVfiY 

yUUllllV/U T f UtVlj 1V11V TT VU "^.7 UUUlll£l Ul V/ |~/ TT 1UV \WJ lAM — * V/A VUXVAU11L JVlUtlVllt -LTAAyV 

gently the solution in tube B. 

3. Precipitate olasmid DNA bv adding the solution in tube B droowise into tube A. 
As the solutions are combined and mixed in tube A, they should appear milky. 

4. Leave the mixed solution at room temperature for 20 min. 

5. Add the solution dropwise to 293 cells grown in one T75 flask while gently 
swirling the medium in the flask. 

6. Incubate the cells for 4-6 h. Aspirate the media from the flask, wash cell 
monolayer once with phosphate-buffered saline (PBS), and replace with the 
complete media. 

/. iviaiiiiciiii uic uciis uy icpitiuiiig mc incuici iwitc a wcca. 111c initial piaqucs 

appear about 2-3 wk after transfection and extensive cytopathic effects (CPE) 
occur in another 3—5 d. 

8. Harvest the cells by gently tapping the flask to dislodge the cells to the medium, 
pellet cells at 1100 rpm for 10 min, remove supernatant, and resuspend the cell 
pellet in 6 mL EMEM containing 2% FCS. 

9. Lyse cells by three freeze-thaw cycles to release the virus. For each cycle, 
the cells are completely frozen at -80°C and then thaw at 37°C, followed by 
vortexing to further disrupt the cells. 

10. Store the crude viral lysate (CVL) at -80°C. 

3.1.2.3. Plaque Purification of Recombinant Ad V-TNF-a 

Because of the possibility that the original transfection may generate a mixture 
of recombinant AdVs with different genotypes, it is necessary to do at least one 
round of plaque purification of CVL obtained from original transfection. 

1. Prepare overlay for plaque assay as follows: Make 400 mL of 2X EMEM 
containing 100 U/mL penicillin, 100 [ig/mL streptomycin, and 8 mL of 5% yeast 
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extract, nic iiicuiuin uciii uc siuicu cil h- ^ iui a icw wccns. iu incline iuu iiil- ui 

complete overlay, prepare 50 mL of 2X EMEM + 5 mL FCS + 0.5 g agarose 

-l- ^f) ml cfprilp wnfpr Rrina narirncp c\rtr\ 9^T PlVrFlVf tn '37 f~ 1 hpfnrp tniYino 

and use within about 1 h. 

2. Prepare 293 cells in a 6-well plate to be just confluent 1 d after seeding. 

3. Prepare 10-fold serial dilutions of CVL using EMEM and do a plaque assay 
using several different dilutions (e.g., 10~ 5 , 10~ 6 , and 10~ 7 ) of the CVL in order 
to get well-isolated plaques. 

4. Remove medium from the plate and inoculate with 0.1 mL of the various 
dilutions. 

5. Incubate at 37 °C for 1 h with shaking the plate to disperse the inoculum every 
zu min. 

. nuu ~> iill, agcuuat uv^naj iu ^avii w^n. i^tavt uic piai^ ai iuuiii i^iiip^iaiui^ iui 

about 0.5 h to let the agar to solidify. 
7 Incubate the relate at 37°C until aonearance of well-seoarated Dlaaues (usuallv 
takes about 10 d). 

8. Isolate virus from well-separated plaques by using a plugged sterile Pasteur pipet 
to aspirate the infected cells. Place the sample in 1 mL of EMEM in a sterile 
Eppendorf tube {see Note 2). 

9. Freeze and thaw the plaque isolate three times and store the sample at -70°C. 

10. Amplify plaque-purified virus stock by inoculation of a T25 flask of 293 cells 
with 0.1 mL cell lysate diluted in 0.9 mL EMEM. 

1 1 . Incubate at 37°C for 1 h, dispersing the inoculum over the cell monolayer surface 

every 20 min. 
10 a^ m m T cA/rciv/r mtitniniiio mc& crc ™a ;nm,Kot a o+ ^n^n until ^t>c ^ 

extensive. 
13. Harvest infected cells and prepare CVL as described in Subheading 3*1*2,2,, 
step 8. 

3.1 .2.4. Analysis of the Potential Recombinant AdV 
by Restriction Enzyme Digestion 

To confirm if the virus generated by cotransfection is the desired recombinant 
AdV, viral DNA isolated from infected 293 cells is used for restriction diges- 
tions. We have used the modified "Hirt" method (29) to isolate AdV DNA. 

1. Culture 293 cells in T75 flasks till the cells are confluent. 

2. Aspirate the medium, inoculate with 1 mL CVL prepared from Subheading 
3.1.2.3. (steps 10-13) diluted with 2 mL EMEM. 

d. inuuucuc uic nasjs.5 ai d i \s iui i 11 wmi uispcising uic inuuuiuiii uvci uic ccn 

monolayer surface every 20 min. 

4 AHH 10 tyiT EMEM pnntainino 10% FCS to pnrh flnclr nnH inrnhntp thp flncVc nt 

37°C until CPE is extensive (usually takes 24-36 h after inoculation). 
5. Transfer infected cells to centrifuge tube and pellet cells at about 200g for 
10 min at 4°C. 
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0. vvcisii ucn peiici unuc wiui uuiu rDo tuiu icsuspciiu ucns in i iiii^ lysis uunci 
containing pronase. 

1 Tnr-nhnfp thp cnrrmlp' nt ^'7 f 1 fnr 90 min 

/ * Inv \A-kJ \X\s\J wiv Lrwvj.j.j.ky±w mi- w' j "%_-* j-'vyA ^*\j mint 

8. Add 0.25 mL of 5 A/ NaCl and transfer the sample into an Eppendorf tube. 

9. Chill on ice for 30 min and centrifuge at 4°C for 10 min. 

10. Transfer the supernatant to an Eppendorf tube and add an equal volume of 
isopropanol to precipitate DNA. Centrifuge the precipitate for 15 min. 

11. Wash the pellet with 70% ethanol and air-dry. 

12. Dissolve DNA pellet in 50 \xh sterile water containing 0.5 mg/mL RNase. 

13. Check viral DNA by digestion with appropriated enzyme(s). 

3, 1.3. Purification of Recombinant AdV-TNF-a by CsCi-Gradient 
Ultracentrifuaation 

1. The CVL from 1 T175 flask is used for amplification of 6 T175 flasks of 293 cells. 



/-*»j^V-*^ *-*-*• i-V 



Z. *^Sc ^ hij_j j_/ivii^ivi ±ui pi^paiauun ui l-vl nuiii ^v^i^ aiA i i /^ naaiva. jri^pai^ 

large stocks of CVL from 24-32 T175 flasks for each virus purification. 

3. T ,av (S ml, CVL nntn a CsCl sten crraHipnt in a ultrarpntrifiicrp tube, Thp crraHipnt 

consists of 2.5 mL of 1.25 CsCl layed on top of 2.5 mL of 1.40 CsCl. Fill the 
tube with IX TD buffer. 

4. Centrifuge the sample at 45,000 rpm for 1 h at 20°C in a Beckman L8-55 
Ultracentrifuge using a 80Ti rotor (Beckman Coulter, Missis sauga, Ontario, 

Canada). 

5. After centrifugation, two opalescent bands should appear within the gradient. 
Collect the lower virus containing band using a syringe with a needle. 

6. Lay the collected sample on top of 5 mL of 1.33 CsCl in a new ultracentrifuge 
tube. Centrifuge the sample at 45,000 rpm for 18 h at 20°C. 

/. x^wiiv^v^i uiv- oiugiv nv^ctvj wjjcwv^ov^v^iii uciiiva \jloiliq ci oj±±iigv^ wiui ci ±±v^v_uv u,n\a auu 

glycerol to the purified virus stock to a final concentration of 10% (v/v). 

8. Remove CsCl from nurified virus stock bv dialvsing the samnle at 4°C against 
six changes of 500 mL dialysis buffer (see Note 3). 

9. Aliquot the virus stock as 100 \xL to each sterile 500- \xh microcentrifuge tubes 
and store the samples at -80°C (see Note 4). 

10. The absorbency of the virus is read at 260 nm and is used to calculate the titer of 
the virus stock. The values used to determine the viral titer is an A 2 ^ = 1 -000 is 
about equivalent to 10 10 plaque-forming units (PFU)/mL (see Note 5). 

3.2. Genetic Engineering of DC with Adenovirus-Mediated TNF-a 
Gene Transfer 

o.z.. i . ritffjtiictuufi ui iviumitf duiiu ivmnuw oe?//£> 

Although bone marrow cells can be obtained from any of the long bones, the 
femur and tibia are usually used because they give the best yields. 
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2. Place mice on their backs and make a long transverse incision through the skin 

in thp miHrllp nf thp fiHHnmirml nrpn nf pnr-h mnncp Ppflpr-t cVin pnmnlpfplv frnm 
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the hindquarters, including the hind legs. 

3. Flood the hind legs with 70% ethanol. 

4. While grasping the hind legs with the mouse tooth forceps, cut away as much 
muscle as possible with the scissors. 

5. Separate legs from the body at the hip joint and remove the feet. Place the legs 
in a culture dish containing PBS. 

6. Begin the removal of adherent muscle tissue from the femur and tibia by 
grasping the bones with the mouse tooth forceps and scraping them with the flat 
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7. Separate the tibia and femur with the scissors. 

8. Remove the epiphyses with the scissors and puncture the bone ends with a 
20-gage needle. 

9. Using a syringe with a 25-gage needle attached, expel the marrow by pushing 
PBS through the center of the bones. Draw the marrow in and out of the needle 
and syringe to obtain a single-cell suspension. 

3.2.2. Generation of Dendritic Cells 

1. Deplete red blood cells by resuspending bone marrow cell pellets in 0.84% 

aiiiiiiuniuiii unuiiut, uanig, \-\j ini^ in a ^u _ iiii^ luut iui uunt uianuw v^^na 

obtained from one mouse. 

2. Incubate for 5 min at room temperature. 

3. Add 10 mL PBS to the tube and soin 10 min at 1000 rpm. 

4. After centrifugation, cells from one bone marrow are plated in a six- well plate 
with 3 mL of DC culture medium (DMEM plus 10% FCS, GM-CSF [10 ng/mL], 
and IL-4 [10 ng/mL]) in each well. 

5. On d 3, the nonadherent granulocytes, T and B cells are gently removed and 
fresh media were added. 

6. On d 5, the loosely adherent proliferating DC aggregates were dislodged and 
repiated by using DC culture medium. 

7. On d 8, the immature, nonadherent DCs are harvested and used for in vitro 

The immature DCs generated in this manner should display (1) typical 
morphologic features of dendritic cells (i.e., numerous dendritic processes) 
and (2) significant expression of MHC class I and II antigens, costimulatory 
molecules (CD80 and CD86), and adhesion molecules (ICAM-1, CDllb, 
CD lie, andCD40). 



222 Xiang and Wu 

o.£..o. iransTeciion ui u&iunuu kscus wun aqv- i /vr-ct 

The susceptibility of murine DCs to adenoviral infection has been previously 
reported by using AdV-LacZ (26). Briefly, after the cells had been infected 
with AdV/LacZ, they were fixed for 5 min at 37 °C in PBS containing 2% (v/v) 
formaldehyde and 0.2% (v/v) glutar aldehyde. The fixative was then removed 
and the cells were rinsed twice with PBS. The cells were then incubated at 
37 °C with X-gal staining solution for 20 min to overnight until blue staining 
was observed. The cells were then counterstained with nuclear fast red. Positive 
cells had a blue color. The average readings of positive cells from wells in 
triplicates and from three sections of each tumor were taken as the percentage 
of transduction. A quantitative assessment of LacZ gene expression (blue cells) 
was determined using microscopy. A maximal DC transfection (80%) can be 
reached at "multiplicities of infection" (MOI) of 100. Therefore, MOI of 100 
is used for transfection of DCs with AdV-TNF-a. 

1 WopV. T^rV f) v 1f|6 ^allo'v fwirp with t»T3Q 

2. Resuspend DCs in 200 ^iL serum-free DMEM in 1 well of a 24-well plate. 

3. Add 2 x 10 8 PFU AdV-TNF-a to the well and incubate at 37°C for 1 h with 
gentle agitation every 20 min (see Note 6). 

4. Add 2 mL DMEM plus 10% FCS to the well and incubate DCs at 37°C 
for 24 h. 

5. Harvest AdV-TNF-a-transfected DCs and wash them twice with PBS before use. 

A M/ttOQ 
t. IMULCo 

1. The 293 cells grow only in monolayers. They are sensitive to the way that they 
are handled. Growth properties will be altered if cells are allowed to become 
over confluent and are plated too thinly. Therefore, make no more than 1 : 5 split 

\x/hi=»n nnocino th^ r-^llc frr»m n rrmfhi^nt flncV Wh^n r\nccina thp r-^llc \uarm 
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the growth medium. Early passage cells, up to approximately passage 40, are 
preferred for use for transfection and construction of recombinant adenovirus. 

2. To produce a virus stock after plaque purification of recombinant adenovirus, 
293 cells should be infected at a low multiplicity of infection. This allows a 
selection for the virus capable of supporting productive infection and, thus, helps 
maintain the integrity of the virus genome. In addition, it is good practice to keep 
an aliquot of the first plaque-purified virus stock as a master stock. 

3. Autoclaved solutions should be used during virus purification to ensure that 
the virus stock is free of microbial contamination or proteases. The dialysis 

iiiciiiuicuics siiuuiu uc uisimccacu uy uuiiing 111 ins-i^iym uunci iiiiiiicuicuciv 

before use. 

d PrnHp virnl IvQntp ran hp QtnrrH in mpHiiim nine 9% FCS anH 10 vr\M Trie 

pH 8.0, at -20°C and -70°C respectively. Purified virus still in CsCl (before 
dialysis) can be stored at 4°C for 2-3 d. However, purified virus after dialysis 
must be stored at -70°C. 
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5. The titer of recombinant adenovirus stock can also be determined by plaque 
assay, which gives a measurement of the number of PFUs in a given volume of a 

virnc ctnrV whpn infpptina 9Q^ ppIIc Thp nlnnup accnv rnn Hp Hnnp in a mpthnH 
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similar to that described in Subheading 3.1.2.3. 

6. To get efficient transfection, keep the medium volume of cell suspension as low 
as possible and do not add any FCS, which will absorb the adenovirus and reduce 
the transfection efficiency. 
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Retroviral Transfer of T-Cell Receptor Genes 
into Human Peripheral Blood Lymphocytes 

Timothy M. Clay and Michael I. Nishimura 



1. Introduction 

We are developing strategies to target tumor-associated antigens (TAA) and 
viral antigens by genetically modifying patient peripheral blood lymphocytes 
to produce antitumor or antiviral reactive cytotoxic T-lymphocyte (CTL). To 
this end, we have succeeded in redirecting the specificity of peripheral blood 
T-cells and T-lymphocyte clones by the transfer of T-cell-receptor (TCR) genes 
from antigen specific T-cell clones into these lymphocytes. The TAA MART-1 
is expressed by the majority of human melanoma tumors (7,2), making it 
an excellent potential target for therapeutic strategies utilizing TCR gene 
transfer. A single HLA-A2-restricted peptide epitope has been identified in 
the MART-1 protein (amino acids 27-35: MART-1 (21 ^5))- HLA-A2 is present 
in approx 50% of Caucasian melanoma patients. Therefore, a TCR gene 
transfer approach using a TCR that recognizes this particular major histo- 
compatibility complex (MHC)-peptide complex could potentially treat 50% 
of Caucasian melanoma patients. We have previously described the cloning 
of the TCR genes from a tumor-reactive CTL clone (clone 5) derived from 
a tumor-infiltrating lymphocyte (TIL) culture from patient 501 (3,4). The 
clone 5 TCR is HLA-A2 restricted and is specific for the m9-27 peptide 
epitope (MART-1 27 _ 35 ) of MART-1, Transfection of the a and p TCR genes 
from clone 5 into Jurkat cells resulted in the expression of a functional TCR 
on the cell surface (4). Subsequently, we have cloned the full-length clone 5 
TCR a- and (3-chain cDNAs into the A7 retroviral constructs and successfully 
used this retrovirus to redirect normal donor PBL to recognize MART-1 (5). 
These CTLs were capable of lysing MART-1 + , HLA-A*0201 + melanoma tumor 
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lines in vitro, inese results are proof of principle studies that will lead to the 



clinical application of this approach. 



ine following protocols permit initial transduction efficiencies of approx 
40%, and this can be increased to >90% following selection for transduced 
i-ceiis wnen an antioiotic resistance gene is present in tue retroviral construct. 
To detect the presence of a functional TCR in transduced PBL, antigen-specific 
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briefly described. Where applicable, these protocols include the authors' notes 
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2. Materials 

O i Batrrw/iral f?pnp Tranafar trs Human PRI 
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1. Dulbecco's modified Eagle's medium (DMEM)/10 medium (DMEM medium 
[Bionuids, Rockviile, MD] supplemented with 10% fetal bovine serum (FBS) 
(Life Technologies, Grand Island, NY), 50 m¥ HEPES (Life Technologies), 

-*-\^-rt-i /-^-ill-i-*^ / 1 I III IT /tY^ I \ n-f-#*^-#-\-f rtrvi i7Ain / 1 I II I iirr /-rvi I \ / ,ln + o-rvi-i *-^ £1 /7 I 1 'z tvi rr /-iyi I \ 

pv^iiiviiini v. x ^vy ^/iiii^y — otAv^pujiiijv^iii \ikjvj jAg/iiii^y-vjiui-aiiiiii^ \^,y^, nig/ nii^y 

(Life Technologies). 

2. DMEM/10 was supplemented with 400 ug/mL G418 (Geneticin; Life 
Technologies). 

3. Very low-protein-binding filter flask (Corning, cat. no. 431097, Corning, NY). 

4. Lymphocyte Separation Medium (LDM) (Organon Teknika, Durham, NC). 

5. 50-mL Polypropylene centrifugation tubes (Falcon, cat. no. 35-2098, Becton 
Dickinson, Franklin Lakes, NJ). 

6. AIM *V serum-free medium containing 600 IU/mL interleukin (IL)-2 (Cetus 
Oncology Corp., Emmeryville, CA) and 10 jxg/mL anti-CD3 monoclonal 
antibody (OKT3; Ortho Biotech, Raritan, NJ). 

7. Polybrene (Hexadimethane Bromide, Sigma Chemical Company, St. Louis, MO). 






2.2. Limiting Dilution Cloning of Transduced PBL Cultures 

1. RPMI/ll media (RPMI 1640 [Biofliuds] containing 11% heat inactivated 
human pooled AB serum (Pel Freez, Brown Deer, WI), penicillin (100 U/mD- 
streptomycin (100 u.g/mL)-glutamine (2.92 mg/mL) (Life Technologies), 
25 mM HEPES, 25 \\M 2-mercaptoethanol [ME]). 

2. Multichannel pipettor. 

2.3. Immune Assays to Demonstrate Transgenic TCR Function 
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1. Enzyme-linked immunosorbent assay (ELISA) kits (IL-2 and GM-CSF, R&D 
Systems, Minneapolis, MN; interferon [IFN]-y, IL-4, IL-10, and tumor necrosis 
factor [TNF]-a, Endogen, Cambridge, MA, respectively). 

Z. \^l ^1U-JJ lllV^l/llll^, i-\.lllCl Slltllll, /filing IU11 JTLClgllLS, LL^J. 
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3. 7. Retroviral Gene Transfer to Human Peripheral 
Blood Lymphocytes 

3. 1. 1. Routine Culture of Retroviral Producer Cell Lines 

The A7/PG13 clone 6 is grown in DMEM/10 medium supplemented with 
G 418 (see Note 1). The G418 maintains selection pressure on the cells to 
ensure continued expression of the A7 retroviral plasmid, which contains 
the npomvr.in nhnsnhnrrflnsfp,rasp, srpnp Without this selection pressure, the 
retroviral plasmid promoters can shut down and virus production will cease. 
HEPES is used to provide buffering against the pH change that occurs during 
transduction when the T-cells are centrifuged in air and we do not provide the 
5% C0 2 atmosphere of an incubator {see below): 

1 . A7/PG13 clone 6 packaging cell line was grown to 80% confluence in DMEM/10 
medium supplemented with G418. It is important not to exceed 80% confluence 

pnwi IU U11S iu"ii Lun-uiv pvnuu, iu vnouiv^ uiai uiv^ ouuamuun jivhj ui imuviiai 

supernatant is high. If cell density is too high, cells will die and virus production 
will be limited. 

2. Eighteen hours before supernatant was to be harvested for PBL transductions, the 
media was exchanged with fresh DMEM/10 media without G418. 

3. The supernatant containing the retrovirus was harvested and filtered through a 
0.22- urn micron, very low -protein-binding filter flask to remove any packaging 
cells that might otherwise be carried over in to transduced cell cultures. The 
presence of packaging cell lines in subsequent cultures can give false positives in 
polymerase chain reaction (PCR) assays for the transgenes. 

3. 1.2. PBMC Isolation and Retroviral Transduction 

Peripheral blood lymphocytes (PBL) are transduced using an adaption of the 
method described by Bunnell et al. (6). The PBL must be dividing in order to 
anow integration oi tue reverse-transcnoeu retroviral genome into tue genome 
of the host cell. The nuclear membrane dissolves in dividing cells, permitting 

:^4- 4-: — ~-P +1 4- T : i r\\TA o~i„ui~ — *-: r^r\i ~~ 1 1 — +:i j,, — j 

lllLCglClLlUll Ol L11C ICLlUVllCll UlVt\. OU1UU1C ClllLl-V^l^J lllUllU^lUllill cuiuuuuy anu 

IL-2 (T-cell growth factor) are used to stimulate T-cell proliferation. CD3 is the 

digiiainiig, puiLiun ui uic; i \^i\-\^Ly j cui±ipic;A un j.-j^yiiipiiuc^y lc;». Ljgauun ui 
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with the addition of IL-2, the T-lymphocytes will proliferate and divide. 

1. Human peripheral blood mononuclear cells (PBMC) are isolated from buffy 
coats from donors (on Institutional Review Board [IRB]- approved protocols) by 
centrifugation through Lymphocyte Separation Medium (LDM). First, the buffy 
coat is diluted 1:4 in Hank's buffered salt solution (HBSS) and then overlaid 

uvci iu iiil, ui i^oivi in ju-iiii^ puiypiupyiciic uciiuiiugcuiuii luucs. runuwiiig 
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centrifugation at lOOOg for 20 min at room temperature, the centrifuge is stopped 
without braking to avoid disturbing the interface. 

9 Thp PPllVFf" 1 liiupr ic hfirvpctpH c\rtr\ wnchpH twir*p in HR.^.^1 r-pn tri fn oin a r"p11c 

at 800g for 5 min. 

3. Cells are counted and resuspended at a concentration of 1 x 10 6 cells/mL in AIM 
*V serum-free medium containing 600 IU/mL IL-2 and 10 [ig/mL anti-CD3 
monoclonal antibody. Cells are cultured for 72 h in 175-cm 2 tissue culture flasks, 
1 x 10 8 cells per flask, in a 37°C humidified incubator with 5% C0 2 . 

4. On d 3, cells are harvested, counted, and resuspended at 1 x 10 6 cells/mL in 
retroviral supernatant containing 600 IU/mL IL-2 and 8 [xg/mL polybrene and 
plated in 24-well tissue culture plates, 2 mL per well (see Note 2). 



^r\Os~i r. s~ r\ r\r\ 



j. riaies are cenirnugea ai jz l. ior ou-^u min at iuuug {see r>oies .? ana 4;. 

^iniuics win uc vciy piiiiv uctausc ui uic iuw ^w 2 COnieni ui an, ic&uiuiig, 111 pn 

change. This is countered somewhat by using HEPES -buffered medium to grow 

thp narknaincr line (kpp SiiihliPiirlina 3.1.1.) Plnfps nrp then incubated Overnight 

(16-20 h) in a 37°C humidified incubator with 5% C0 2 . 

6. This transduction procedure (steps 4 and 5) is repeated for a further 2 d. 
These additional rounds of transduction can significantly improve transduction 
efficiency. 

7. On d 7, the PBL are harvested, counted, and resuspended in AIM 'V medium 
containing 600 IU/mL IL-2 at 1 x 10 6 cells/mL and cultured overnight in 175-cm 2 
tissue culture flasks, 1 x 10 8 cells per flask, in a 37°C humidified incubator 
with 5% C0 2 . 

O T -1 '- - ■T'-H T : J„-, 11„ 1 i_J J J_J '„ A TA If i\T"> J' 
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cultured overnight in 175-cm 2 tissue culture flasks, 1 x 10 8 cells per flask, in 
a 37°C humidified incubator with 5% C0 2 , The flask should be stood upright 
to increase the local cell density, which is optimal for T-cell proliferation. 
The cells are selected for 5 d in Geneticin, with the concentration of live cells 
being monitored daily by performing cell counts using trypan blue staining to 
distinguish live from dead cells. The volume of media is adjusted as necessary 
to maintain a concentration of 1 x 10 6 cells/mL. This cell concentration of 1 x 
10 6 cells/mL is optimal for T-cell growth and is a significant factor in recovering 
transduced cells from these cultures. Significant cell death is observed both 
during and for several days after this G418 selection step. From the 1 x 10 8 cells, 

CApcv^i JV—/D/C ui uic ecus iw uic un uciwic uic piwiiicicuiwii ui uaiisuuccu CC11& 

V\orrir»c ir\ ronlaoo flic* r«o11c tl^ot ot*o r\\r\rtci irt col or»ti r*r» Tt 10 r>r\t\r*cA ir\ Tnointoin tV»o 

iy\^CjAilk3 I.W i\^JJACl\^\^ U1V \^\^iXk3 IIICIL Cti \^ U V 111C 111 JV/1V/VUU11. 11 1l3 VllU^Ul IU lllttllH-CUll U1V 

concentration of live cells at 1 x 10 6 cells/mL. If the number of live cells falls 

below 50 x 10 6 . thev should be transferred into a 75-cm 2 flask in the anoronriate 

' •> 111 

volume of medium to yield a concentration of 1 x 10 6 cells/mL. 
9. On d 12, after 5 d of selection in G418, the cells are harvested and resuspended at 

1 x 10 6 cells/mL in AIM ' V medium containing 600 IU/mL IL-2. 
10. On d 14, the PBL can be tested in functional assays or cloned in limiting dilution 
to generate T-cell clones. 
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Transduced CTL cultures can be expanded and single-cell cloned using 
anti-CD3 stimulation, using an adaption of the method of Walter et al. (7). 
Single-cell cloning allows the reactivities of individual transgenic T-cell clones 
to be investigated. We have previously described several different functional 
phenotypes in transduced T-cell clones (5). 

1. Transduced PBL are plated at 10, 1, and 0.3 cells per well in 96-well U-bottom 

mirrntitpr nlnfpQ in nO 1 mT vnliimp npr well of RPMT/1 1 mpHin 
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2. Then, 2.5 x 10 5 irradiated allogeneic PBMC (100 Gy) per mL, 5 x 10 4 irradiated 
allogeneic Epstein-Barr virus (EBV)-B cells (100 Gy) per mL, and 30 ng/mL 
anti-CD3 monoclonal antibody are added to the wells in a 0.1 mL volume of 
RPMI/11. 

3. The following day, IL-2 is added in a volume of 20 [iL/well to yield a final 
concentration of 120 IU/mL IL-2. 

4 . On d 5 , the medium is exchanged and Ire sh RPMJ7 1 1 medium containing 1 20 IU/mL 
IL-2, without OKT3, is added. To exchange the media, remove 180-200 jaL of 
medium with a multichannel pipettor and add back the same volume of RPMI/1 1 
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5. On d 8, fresh IL-2 is added to yield a final concentration of 120 IU/mL. 

6. Cells are tested for reactivity on d 12 in cytokine release assavs and peptide- 
specific/tumor- specific cloids are restimulated as described above. To further 
expand the reactive clones, the culture volume is increased and the numbers of 
PBMC and EBV-B are adjusted accordingly. Twenty-five-milliliter, 75-mL, and 
150-mL culture volumes have been used to successfully expand T-cell clones 
(using 25 cm 2 , 75-cm 2 , and 175-cm 2 flasks respectively, placed upright). 

3-3- Immune Assays to Demonstrate Transgenic TCR Function 
in i ran sou ceo i-uens 

There are a wide variety of immune assays that can be used to test whether 
the transferred TCR genes are conferring antigen-specific recognition to the 
transduced T-cells (for reviews on immune assays, see refs. 8-10). The IFN-y 
ELISA assay described here is excellent for "high-throughput" economical 
screening of large numbers of T-cell clones and provides a sensitive and 
robust assay for antigen-specific recognition by bulk CTL cultures. In essence, 
antigen- specific recognition will trigger the secretion of IFN-y by T-cells, as 
a result of TCR signaling in response to the ligation of the TCR to the correct 
peptide-MHC complex. An alternate method is the various forms of lysis assay, 
where antigen- specific CTLs result in lysis of antigen-expressing target cells. 
These target cells are labeled with a marker (e.g., radioactive chromium M Cr, 
europium, etc.) that is released when the cells are lysed. Using appropriate 
controls, 51 Cr level is a quantitative measure of the percentage of cells lysed by 
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the CTLs. Cytokine-release ELISA and cell lysis assays are described next. Most 
importantly, before embarking on any TCR gene transfer studies, appropriate 
target cens ior trie assessment oi antigen recognition must oe available. 

3.3.1. Assessment of Culture Reactivity by Cytokine Release 

Peripheral blood lymphocytes cultures and clones are tested for reactivity 
in cvtokine release assavs using commerciallv available ELISA kits QL-2 and 
GM-CSF, IFN-y, IL-4, IL-10 and TNF-a). These kits are very accurate and 
straightforward to use, but relativelv expensive. Matched antibodv Dairs are 
also available from these and other manufacturers, and they allow labs to 
produce their own ELISA plates much more economically. This requires some 
optimization for each batch of reagents but can give equally good results at a 
fraction of the cost. Cytokine release is measured in 24-h culture supernatants. 
If the TCR in question is HLA-A*0201 restricted, then pepti de-pulsed T2-cells 
make excellent targets for these assays. HLA-matched and HLA-mismatched 
tumor cell lines can also be used. 

1. T2-Cells are pulsed with appropriate peptides for the TCR in question (typically 

it o r> r\ r» r> o tit-rot \ r\in r\f r^ot^tirlo r\f 1 iirr/mT ^ V\\r innnKotiAn \r\ T?T5A/TT/1 1 morliiiTYi 

III 11 VU11W11U UUVJ11 KJL IJ\^IJIXVJA^ VJ1 X iXg,/ 1 1 I I-^y , l^V XllV^lAiyillXVJXX 111 1\1 Ull/ X X HlV^UlUlll 

for 2-3 h at 37°C, 5% C0 2 . Up to 10 x 10 6 T2-cells can be pulsed with peptide 
in a 15-mL conical centrifuge tube at 1 x 10 6 cells/mL in RPMI/1 1 medium. The 
tube should be placed upright in the incubator. To ensure good loading of the 
peptide onto surface HLA-A*0201 molecules, the T2 cells should be resuspended 
gently every 30-45 min. Cells can also be tested for reactivity with tumor cell 
lines and/or fresh tumor cells. 

2. The assay consists of 10,000 T-cells as responders and 10,000 stimulator cells 
(T2-cells pulsed with peptide, or tumor cells), incubated together in a 96- well 
U-bottom plate in 0.2 mL volume of RPMI/1 1 medium for 20-24 h at 37°C, 
5% CC>2. Cytokine secretion can then be measured in culture supernatants by 
ELISA, using the manufacturer's protocol. 

3.3.2. Assessment of Reactivity by Lysis Assay: 4-h 51 Cr-Release Assays 

Tt/mrifil to-rrrot r»i^11o tVat- 1\/cic occo\/c rivci TO r»o11o r\nlc^H n7im nantiria o -n r\ lr\v 

J.VL/J.WCIA Cd-LiiV^L ^V^XXO 1U1 ±\CJXiJ ClOiJClVo CU. C/ 1 ^-^VllO L/UIOUU Willi L/\^L/LX\_J.V,/ C4J.1.UY \J± 

appropriate tumor cell lines. 

1. Targets are labeled for 90 min with 200 uCi 5l Cr per 1 x 10 7 cells. Typically, 
10 million target cells are labeled in a 1 mL volume in a 15-mL conical centrifuge 
tube. 

Z. vviiiic me uugeis aie laueicu wiui Lr, me i-uens uan uc naivesicu, uuuiiieu, 
and plated at 5000 cells per well in 96- well U-bottom plates in 0.1 mL RPMI/1 1 
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3. After the 90-min labeling step (step 1), the targets are washed three times with 
Hank's buffered salt solution and then plated in triplicate with responders at the 
following E:T ratios: 80: 1, 20: 1, 5:1, and 1.25: 1, by adding the targets in a 
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Fig. 1. Structure of the A7 retrovirus plasmid. A modified SAMEN pgl Moloney 
murine leukemia virus backbone. Expression of the TCR a-chain is driven by the 
promoter in 5' long terminal repeat (LTR), which also drives expression of the neomycin 
phosphotransferase gene (neo) via an internal ribosomal entry site (IRES). p-Chain 
expression is driven by the hybrid HTLV-I/SV40 SRa promoter. Abbreviations: SD, 
splice donor site; SA, splice acceptor site; pA, polyadenylation signal; i^ + , packaging 
signal. Arrows denote transcription start sites. 



0.1 mL volume of complete medium. As a positive control, target cells alone 
are lysed with 0.1% sodium dodecyl sulfate (SDS) to determine the 51 Cr release 
level when 100% of the cells are lysed. 

4. Plates are incubated for 4 h at 37 °C without C0 2 and then supernatants are 
harvested. 

5. 51 Cr release is measured in supernatants on a suitable automatic 7-counter and 
percent specific lysis calculated. Specific lysis is calculated using the following 
equation: 

Experimental cpm - Spontaneous cpm x 100% 
Percent specific lysis = — 



Maximum cpm - Spontaneous cpm 
where cpm is counts per minute. 

4. Notes 

1 . This chapter deals only with the retroviral transduction of human PBL and assess- 
ment of immune function of the resultant transgenic T-cells. The construction of 
some of the retroviral vector used in our studies have been described elsewhere (5) 
and vector construction will not be discussed here. The structure of the A7 vector 
we have used extensively is shown in Fig. 1. The PG13 retrovirus producer cell line 
was transfected with the A7 construct and high titer clones were isolated (5). The 
A7 virus produced by A7 PG13 clone 6 was used to successfully transduce human 
T-lymphocytes (5; Clay et al., unpublished; Nishimura et al., unpublished). 

2. The polybrene improves the retroviral infection efficiency by mediating the 
association between viral particles and the cell membrane. 

3. It is very important that the centrifuge be cleaned thoroughly before use and not 
be one that is used for centrifuging bacteria. Aerosols of bacteria will result in 
infection of the T-cell cultures. 

4. Centrifugation of the plates increases transduction efficiencies (6), 
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Gene Transfer to Articular Chondrocytes 
with Recombinant Adenovirus 

Glyn D. Palmer, Elvire Gouze, Jean-Noel Gouze, Oliver B. Betz, 
Christopher H. Evans, and Steven C. Ghivizzani 

1. Introduction 

Articular cartilage forms the load-bearing surfaces of diarthrodial joints. 
Its dense extracellular matrix, composed primarily of water, collagen, and 
proteoglycans is maintained by a resident population of chondrocytes. These 
all combine to form a highly organized structure that provides the tissue with 
its unique biomechanical properties. However, partly because of its avascular 
nature, cartilage has poor regenerative properties, and damage from disease 
or injury will often lead to an inferior repair tissue that ultimately fails. 
One approach to promoting cartilage repair is through the administration of 
biological agents that enhance matrix synthesis or decrease matrix degradation. 
Several cytokines are known to promote matrix synthesis in chondrocytes, 
including the bone morphogenic proteins (BMPs), transforming growth 
factor- Ps (TGF-|3s) and insulinlike growth factors (IGFs). Improved repair has 
been reported following in vivo administration of recombinant IGF-1 (1) or 
BMP -2 (2) to cartilage lesions. However, the maintainence of effective intral- 
esional cytokine concentrations for extended periods following administration 
is hindered by the relatively short half-lives of these proteins. The transfer of 
cDNAs encoding these cytokines represents an alternative treatment strategy. 
By this approach, local expression of the gene to cells within sites of damage 
could achieve sustained, biologically relevant levels of protein that are synthe- 
sized locally (3), 
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Adenoviral vectors are currently the most commonly used viral gene delivery 
vectors for in vitro and in vivo studies. They can infect both quiescent and 
dividing cells and can therefore be used for direct in vivo gene delivery. In 
addition, their method of production is technically straightforward, and high 
titers can be consistently obtained. Several studies have demonstrated that 
direct in vivo delivery of recombinant adenoviral vectors to normal and arthritic 

lauuu juim;> gcnciaLcs nign icvcis ui uaiidgcnc; cajjic^muii uiai pcisist iui 

several days (4,5). However, because it is difficult to transduce chondrocytes 

m SltU^ ^a vivu gc;nc; uc;nvc;i^ nia^ u^ a inuic; aunauic iii^uiuu iui g^ii^iaLing, 

high levels of localized transgene expression within a cartilage lesion. This 

JJIVJ^UU-UIU 1113L ILljUllLa LllV^ 111 V1L1U tiail^U-U^LlWll Ul I^UVJIIU-IVJ^ Y tl^d Wltll tlll^ 

nnm"r>r\n nfa (Yanar o i-» /-I f nan itnnlnnfnfirin at V\n a rvatiafionllir -t-v-\ /-» r\ t rt m /-I y^^illn 

appi wpnatv^ gv^iiv^s anu tui^n implantation \j± tnv^ gv^nv^ti^anj iiiuuin^u ^v^na 

into the experimentally induced defect (6,7). This approach allows for the 

oianutuuizjauun ox tnv^ g^iiv^ uanoiw niv^tno^ uo^ia, jkj tnat optimal uaiiouu^uun 

efficiency and transgene expression may be achieved prior to implantation. 

A H<=kTirvi7 p iT , o I i7i=kr»tr\r , c no^rp np»pn iicprl tn ciippacctiiI l\? HAM^7Ar r>nr>nrlrnfVAnir> 

i 1UV11V V 11 Wl YVVIVU 11U W L^V^V^ll LAkJV^Vl IrKJ JUVWJJlUllj UV11 V VI WllUllWlWtVlllV 

growth factors such as IGF-1, BMP-2, and TGF-p x (1,8-10) to articular 

r»lir\nr1rr\r»\7ti=kc in \ntm TmnnrtontK/ in tliPCA cturlipkc nonnrrram Qmnnntc r\f 
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cytokine gene product were produced by transduced chondrocytes; this was 

Qfpnmnciniprl V\\7 ci oni fir'cint inr-r^cicp'c in r\rr\t^r\cr]\7r"^-n cinrl t\/n<= 1 IT r*r\11ncrf i n 
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synthesis compared to noninfected controls. Moreover, gene transfer maintained 
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fiapnt ^A?i Thprpforp infprtirm nf r , honrlrnr , vtF i c \x/ith recombinant adenoviral 
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vectors encoding specific cytokines serves as a useful tool to evaluate the 
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matrix synthesis in vitro, as a prelude to evaluating their ability to enhance 
cartilage repair in vivo. This chapter details the infection of nrimarv articular 
chondrocytes with recombinant adenoviral vectors, using those encoding 
IGF-1 (Ad.IGF-1) and BMP-2 (Ad.BMP-2) as examples. The process requires 
large-scale preparation of chondrocytes from articular cartilage and generation 
of pure, high-titer recombinant adenovirus by amplification in 293 cells. 
Following infection of chondrocyte cultures, the production of cytokine 
2ene nroducts from geneticallv modified chondrocvtes can be demonstrated 
bv enzvme-linked immunosorbant assav (ELISA). Although renresentative 
Ad.IGF-1 and Ad.BMP-2 infections are described in this chapter, this technol- 
02 v can be used to deliver anv cDNA to chondrocytes. 

2. Materials 

1. Cre8 cells (generous gift of Stephen Hardy; see ref. 11). 

2. pAdlox adenoviral shuttle plasmid (Genebank accession number U62024). 

3. Sfil restriction endonuclease (New England Biolabs, Beverly, MA). 
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5. Sodium acetate, 3 M, pH 5.2. 

6 Pthnnnl Q^<% 

7. TE: 10 mM Tris-HCl, pH 8.0, 1 mMEDTA. 

8. DOC lysis buffer: 20% ethanol; 100 mM Tris-HCl, pH 9.0; 0.4% sodium 
deoxycholate. 

9. Spermine-HCl, 0.5 M. 

10. RNase A (Sigma-Aldrich, St. Louis, MO), 10 mg/mL in TE. 

11. Sodium dodecyl sulfate (SDS), 10%. 

12. EDTA, 0.5 M, pH 8.0. 

13. Pronase (Sigma-Aldrich, St. Louis, MO), 50 mg/mL in water. 

14. Isopropyi alcohol. 
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16. 2.5MCaCl 2 . 

17. 2X HEPES-buffered saline (HBS): For 100 ml, dissolve 1.6 g NaCl, 0.074 g 
KC1, 0.027 g Na 2 HPO 4 *2H 2 0, 0.2 g dextrose, and 1 g HEPES in 90 mL double- 
distilled water (ddH 2 0). Adjust pH to 7.05 with 0.5 N NaOH. Adjust to final 
volume with ddH 2 0. Filter sterilize. 

18. 293 Cells (American Type Culture Collection, Manassas VA, ATCC cat. no. 
CRL 1573). 

19. Cesium chloride solutions: 

a. 1 .4 g/mL CsCl = 53.0 g CsCl (Sigma-Aldrich, St Louis, MO) + 87 mL 10 mM 

Tris-HCl, pH 7.9; 
u. l.z g/iiiJ^ v^sv^i = zu.o g v^sv^i -t- yz, iiij^ ui iu iil/k/ ins-nv^i, pn /.^, 

V^. I^IlJiJUIVU X^^^x xlllW iJVJlUUWll ClllU OlVlllV' llxLV^x UOxlxg CI W.^ - jXlll uuuit tup llxlV^x 

(e.g., NalgeNunc Int., Rochester, NY). 

20. Thin-walled ultraspeed centrifuge tubes (e.g., 10 mL polyallomer tubes; Sorvall, 
Newton, CT). 

21. Benzonase (Sigma-Aldrich, St. Louis, MO). 

22. Dialysis buffer: 10 mM Tris-HCl, pH 7.5; 200 mM NaCl; 1 mM EDTA; 4% (w/v) 
sucrose. For 2 L, combine 20 mL of 1 M Tris-HCl, pH 7.5, 80 mL of 5 M NaCl, 
4 mL of 0.5 M EDTA; 80 g sucrose, and make up to final volume with ddH 2 0. 
Prepare the same day, and chill at 4°C before use. 

23. Dialysis tubing, molecular- weight cutoff (MWCO) 50,000 (e.g., Specta/Por, 
Spectrum Laboratories, Rancho Dominquez CA). 

L<\. it nuspn cue -uuncicu scunic yru&j, rOI i ±^, eumuiiic o g ui i>a^i, u.z, g rv^i, 
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autoclaving. 
25. Tissue culture reagents (e.2.. Gibco-BRL. Gaithersbum. MD: Siema-Aldrich, 
St. Louis, MO): 

a. Dulbecco's modified Eagle's medium (DMEM); 

b. Ham's F- 12 medium; 

c. Trypsin-EDTA (0.05% trypsin, 0.53 mM EDTA); 

d. Gey's balanced salt solution (Gibco-BRL) (GBSS); 
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f. Powdered, cell-culture-tested trypsin, and type B clostridial collagenase. 

1f\ Slnpr'trn/mpch nulnn filter f^npr-trnm T nhnrntnripc^ 
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27. Tissue culture vessels (e.g., Becton Dickinson, Franklin Lakes, NJ; NalgeNunc 
Int., Rochester, NY): 

a. 75-cm 2 tissue culture flasks; 

b. 10-cm 2 tissue culture dishes; 

c. 24-well tissue culture plates. 

28. IGF-1 ELISA kit and protocol (Diagnostics Laboratory systems, Webster, TX). 

29. Recombinant human BMP-2 and murine anti-human BMP-2 antibody kindly 
supplied by Genetics Institute, Cambridge, MA. 

3, Methods 

o.i. Kjteneraiioi # ui n&comoinam MuGnovirus 

First-generation, £7, Zs3-deleted, serotype 5 recombinant adenoviral vectors 
containing IGF-1 and BMP-2 were constructed using Cre-lox recombination by 
the system of Hardy et al. (11). The resulting vectors were designated Ad.IGF-1 
and Ad.BMP-2. For this system, the gene of interest is inserted directionally 
into an adenoviral shuttle plasmid, pAdlox, containing the 3' inverted terminal 
repeat of the virus, a viral packaging signal (ip), a cDNA expression cassette 
driven by the cytomegalovirus promoter/enhancer, and, finally, a loxP Cre 
recombinase recognition sequence. Recombinant adenovirus is generated by 
cotransfection of linearized Adlox shuttle plasmid with ip5 adenoviral genomic 
DNA, which has its packaging sequence flanked by loxP sites. The transfection 
is performed in a 293 cell line called Cre8, which constitutively expresses high 
levels of Cre recombinase (11). These cells generate recombinant adenoviral 
particles following Cre-mediated recombination between the loxP site in the 
shuttle vector and the 3 r " loxP site in the Tp5 adenoviral backbone. Propagation 
of nonrecombined ip5 virus is selected against via deletion of the packaging 
signal by the Cre recombinase. Plaques isolated from the cotransfected plates 
are almost exclusively recombinants. Any contaminating i|)5 can be eliminated 
by subsequent propagation of the adenovirus in 293 Cre8 cells, or by plaque 
purification if necessary. It is important to note that stringent safety procedures 
should be followed while working with recombinant adenovirus (see Note i). 
It is also strongly advised that the investigator be familiar with the appropri- 
ate federal, state, and institutional regulations and guidelines concerning 
microbiological safety. 

1. Plate a 10-cm dish of Cre8 cells to 60% confluence in DMEM/10% FBS/1% 
penicillin-streptomycin. 

2. Digest 3.5 \xg of pAdlox vector containing the gene of interest with Sfil (see 
Note 2). Use 0.5 \xg for electrophoresis in a 1% agarose gel to verify digestion. 
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alcohol . Recover the top, aqueous phase and add 1 /I vol 3 M NaOAc. Precipitate 
the DNA by addition of 3 vol of ethanol. Recover the DNA by centrifugation for 
10 min at 12,000# and resuspend the DNA pellet in 25 \xL TE. 
4. To transfect the Cre8 cells, add 25 \xL of 2.5 M CaCl 2 , 3 \xg of S/zI-digested 
pAdlox, 3 \xg of purified op5 adenoviral DNA, and sterile water to 250 \xL. Mix 
thoroughly. Add 250 \xL of 2X HBS to a separate tube. Slowly add the DNA/CaCl 2 
mixture to the HBS, and gently agitate the solution so that a fine precipitate 
forms. 
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total transfection volume, dropwise, to the 10-cm dish of cells and incubate 

Overnisht Change the media the following dav FTkrarH thp rnpHia into a larap 

volume of undiluted bleach. 

6. After 5-7 d, small plaques should begin to appear in the cell monolayer (see 
Note 3). 

7. After 7-8 d posttransfection, plate untransfected Cre8 cells into two 10-cm 
dishes. One plate will be used to prepare a viral stock; the second will be used to 
verify that the virus generated is indeed a recombinant (see Note 4). 

8. When prominent cytopathic effects are observed throughout the transfected cells 
(approx 8-10 d), harvest the cells and media from the dishes using a cell scraper 

(see nuu; ^;. iiansici me iiiialuic lu a ju-mi^ uappeu iuuc. 

release the recombinant adenovirus. Store the lysate at -80°C. 

10. To amplify and purify the adenoviral stock, thaw the viral lysate and mix 0.5 mL 
with 4 mL of fresh DMEM. Remove the medium from one of the new Cre8 
cultures (from step 7) and replace with the medium-lysate mixture. Return cells 
to the incubator for 4 h (see Note 6). 

1 1 . After the incubation, supplement the culture with fresh medium to normal culture 
conditions. Culture the cells until prominent cytopathic effects are observed 
throughout the monolayer (approx 1-2 d). Harvest the cells and media, as in step 
9, and store the lysate at -80°C. 



3.2. Preparation of Adenoviral DNA 

This procedure is performed to either amplify ip5 adenovirus for DNA isolation 
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1. Remove culture media from 10-cm confluent culture of 293 cells (for x|j5) or 
Cre8 cells (for recombinant). Mix 50 jaL of viral lysate with 4 mL of media and 
add to cells. Incubate for 2-4 h at 37°C. 

2. Following incubation, supplement media to normal culture level. 
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resuspend in 400 \iL of TE. Discard the media into a large volume of undiluted 
bleach. 

5. Add 400 \xh of DOC lysis buffer to the cell pellet. Lyse the cells by drawing 
the mixture in and out through a 1-mL pipet 10-15 times. Transfer the lysate 
to a microcentrifuge tube and add 8 \xL of 0.5 M spermine-HCl. Incubate on 
ice for 10 min. 

6. Centrifuge at 12,000g for 5 min to pellet cellular debris and genomic DNA. 

7. Remove the supernatant containing the viral particles and transfer to a new 
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8. To release the viral DNA from the particles, add 60 \xL of 10% SDS, 20 \xh of 
0.5 M EDTA, and 40 jxL of 50 mg/mL pronase. Incubate for 60 min at 40°C. 

9. Extract once with an equal volume of phenol : chloroform : isoamyl alcohol and 
transfer the aqueous layer (top) into a new microcentrifuge tube. 

10. Add 90 nL of 3 M sodium acetate; mix and fill the tube with isopropanol. Vortex 
and centrifuge at 12,000g for 10 min. 

1 1 . Remove the liquid and wash the pellet with 70% ethanol. Remove all traces of the 
ethanol with a pipet, and resuspend the DNA pellet in 25 \\L TE. The viral DNA 
is now suitable for restriction digestion analysis or transfection as needed. 

3,3, Amplification of Adenoviral Vectors 

To generate recombinant virus for large-scale infections, replication-deficient 
adenovirus is typically amplified in 293 cells (see Note 1). 

1. Grow 293 cells to confluence in DMEM/10% FBS/1% penicillin-streptomycin 
in six 75 -cm 2 tissue culture flasks. 

2. Aspirate media and wash cells two times in prewarmed GBSS. Dilute adenoviral 
stock in a small volume of GBSS and add to cells. Typically, 5 x 10 7 plaque- 
forming units (PFUs) of virus is added to 5 mL of GBSS for each 75-cm 2 
flask. 

3. Incubate at 37°C, in a 5% C0 2 incubator for 3-4 h. 

4. Remove the viral solution and add 15 mL of DMEM with serum and antibiotics 
to the flasks. Incubate as in step 3 until prominent cytopathic effects are observed 

who ^jtc nuit *jj. x jpivcuiy, uiv vtiu ait iv/au) iu nai vwi anui Z \a. 

5. Harvest cells and media from flasks using a cell scraper and transfer into 50-mL 
capped centrifuge tubes 

6. Centrifuge at 2000g, at 4°C for 10 min using a tabletop centrifuge. Discard 
the media into a large volume of undiluted bleach. Resuspend the cell pellets 
in 5-10 mL GBSS. 

7. Freeze-thaw the cells three times, alternating with a 37°C water bath and dry-ice/ 
ethanol bath. 
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supernatant on ice while preparing cesium chloride (CsCl) gradients. 

10. Prepare a CsCl step gradient in prechilled polyallomer tubes containing 1/3 
volume of the following: 

a. 1.4 g/mL CsCl (bottom layer); 

b. 1.2 g/mL CsCl (middle layer); 

c. Viral cell lysate (top layer) (see Note 7). 

11. Centrifuge the tubes in a swinging bucket rotor at 40,000g, 4°C for 1 h. 

12. Harvest the viral band from the tube in a minimal volume using a 16-gage needle 
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is the band that is collected. Dilute the harvested band at least twofold in 10 mM 
Tris-HCl, i^H 8.0, for recentrifugation. Mix thorou^hlv to ensure that the cesium 
and virus are evenly mixed with the diluent. 

13. Repeat steps 10-12 two more times. 

14. Transfer the collected adenovirus fraction to dialysis bags and dialyze against 
500 mL of prechilled dialysis buffer for at least 6 h at 4°C. Repeat two more 
times. Aliquot the recombinant adenovirus into multiple, sterile Eppendorf tubes 
and store at -80°C. This will avoid multiple freeze-thawing of large viral stocks, 
which dramatically reduce the infectivity of the recombinant adenovirus. 

15. To measure virus particle concentration, mix a 50- [xL aliquot with 950 jaL GBSS 
and determine A260 by spectrophotometry; one A260 1S approximately equal to 

xw vxxcix jjcxlixv^x^o/ 1111^. iiiu jjv^x \^v^±± ucigv^ wx iiixv^v^m^ua viiiuno ijpxv^oxxj xax±g\^3 

between l% and 10% of the total number of viral particles. The infectious 
titer may be determined by performing a plaque assay on confluent cultures 
of 293 cells. 

3.4. Isolation of Articular Chondrocytes 

Articular cartilage can be obtained from the knee and shoulder joints of 
skeletally mature New Zealand white rabbits. The steps involved in chondrocyte 
isolation must be performed in a sterile environment. 

1. Immediately following sacrifice, shave cartilage from joint surfaces using aseptic 

ituuiiuuv/ cixiu uiaw aiiavxngo 111 nam o a -x^ inv^uxuxii o up Uiv^iiivm-vu Willi x ju 

penicillin-steptomycin in a 10-cm 2 tissue culture dish. Wash twice in medium 
to remove excess synovial fluid, 

2. Using a scalpel, mince cartilage into small (approx 1 mm) pieces. 

3. Aspirate medium and transfer cartilage pieces into a flask containing a sterile- 
filtered solution of trypsin (2% w/v) in serum-free medium (or a 2% w/v of 
pronase in 0.15 M NaCl). Incubate for 30 min in a humidified atmosphere of 
5% C0 2 at 37°C. 
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remove residual trypsin. 

5 Tncilfoate rwprnioht with a cfprilp-filtprpH cnlntinn nf r-nllnapnncp (0% \\iI\t\ in Hnm'c 

F-12 medium supplemented with 10% FBS and 1% penicillin-streptomycin. 

6. Sterile filter the digestion mixture through a nylon mesh to separate chondrocytes 
from the undigested matrix components. 

7. Pellet cells by centrifugation at 2000g for 10 min in a tabletop centrifuge and 
resuspend in a suitable volume of Ham's F-12 with serum/antibiotics. Count cells 
using a hemocytometer, and determine cell viability by trypan blue exclusion. 

3-5- Adenoviral Transduction of Chondrocytes 

a nv^ at^pa invuiv^u in v^iivjuiu yj^y tv^ LLaIlaU.U-CU.Ull inu-^t ui^ pv^nv^iiiiv^u. unuw 

sterile conditions. 

1. Seed chondrocytes at a density of 2 x 10 4 cells/well in monolayer cultures on 
24- well plates in Ham's F-12 nutrient medium supplemented with 10% FBS and 
1% penicillin-streptomycin. Change medium every 3 d until cells become fully 
confluent (7 -10 d, approx 2 x 10 5 cells/well). 

2. Rinse confluent cultures twice with sterile GBSS to remove traces of serum. 
Label an Eppendorf tube for each culture to be transduced. 

3. Calculate the appropriate amount of adenoviral stock solution (product of 
Subheading 3.3.) to achieve the desired MOI (the mutiplicity of infection 

Hpfinprl ac thp nnmhpr nf infpr'tiniic virnl nnrtirlpc r\c*r rpl^ r\irtr\ c\r\r\ tn frBSlvS to R 
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final volume of 100 uL in the annronriate Eppendorf tube (see Note 8Y TIsinp a 
200- [iL pipet, carefully mix the solution by pipetting up and down. 

4. Add the viral solution to the cultures and incubate at 37°C for 2-4 h. 

5. Following transduction, aspirate the viral solution and add 0.5 mL Ham's F-12 
medium supplemented with FBS and antibiotics. 

3-6- Cytokine Measurements 

The concentration of expressed gene products in the media are determined 
48 h after transduction (see Note 9). IGF-1 concentrations were determined 
using a commercially available ELIS A kit and protocol (Diagnostics Laboratory 
Systems Webster, TX). BMP-2 concentrations were also determined by ELISA, 
using recombinant human BMP-2 and the murine anti-human BMP-2 antibody 
(both supplied by Genetics Institute, Cambridge, MA). Typical synthesis levels 
of IGF-1 or BMP-2 following transduction of articular chondrocytes with 
Ad.IGF-1 and Ad.BMP-2 are shown in Fig. 1. 

1. Wild-type adenovirus has been associated with upper respiratory disease in 
humans, and recombinant virus is highly infectious for numerous human tissues. 
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Fig 1, Production of (A) IGF-1 or (B) BMP-2 by transduced chondrocytes. Chon- 
drocyte cultures were infected with Ad. IGF-1 or Ad.BMP-2 at the indicated MOI or 
were supplemented with exogenous cytokine at the indicated doses. After 48 h, all 
conditioned media were assayed for IGF-1 or BMP-2. The controls represent cytokine 
production in resting cultures of rabbit articular chondrocytes after 48 h. * = p < 
0.05 vs control. Infection with AdIGF-1 or AdBMP-2 increased respective cytokine 
production in a dose-dependent manner. Note that IGF- 1 production after exogenous 
IGF-1 addition is much greater than 100%; this may be the result of the ability of 
IGF-1 to induce its own synthesis in chondrocytes. 
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First-generation adenoviral vectors are replication defective and are only able 
to replicate in permissive cells. The 293 cell lines used here contain the 5' 11% 
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these proteins are provided in trans, they can complement the El deletion in 
the adenoviral vector. Recombinant adenovirus is a biosafety level 2 hazardous 
agent. Wherever possible, work should be performed in a class II biological 
safety cabinet. In addition, proper protective clothing and eyewear should be 
worn at all times. Solid waste should be rinsed with 10% bleach solution and 
disposed in biohazard containers. Liquid waste should be decanted or aspirated 
into a large container of bleach. Likewise, surfaces on which all virus work was 
performed should be decontaminated with 10% bleach. Extra caution should be 
used during the handling of sharp objects. 
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adenoviral sequences contained in the plasmid. This fragment contains the 5' 
inverted terminal reneat of the adenovirus the x0 rjackasins signal the expression 
cassette, and /cxP site for recombination with the 3' portion of the i|j5 adenoviral 
backbone. Omit this linearization step if the gene of interest contains an internal 
Sfil recognition sequence; efficient recombination will still occur with a circular 
plasmid. 

3 . Plaques in the replication permissive cells form when a productive recombination 
event has occurred in a single cell. Within this cell, a functional adenoviral 
genome has formed, and the cell produces adenoviral particles intracellularly. 
Because adenovirus is not enveloped, particles are released from the host cell 
by lysis of the cellular membrane. This releases virus into the media to infect, 

L^xiiiiciJ-ii V, wiiij in ui^ iiiiniV'vaiciiv^ viv/iniiy. in^ov; wna win, in mill, uiiuv^igu 

viral synthesis and subsequent lysis. This local viral production will generate a 
small zone of clearing in the monolayer of cells. Cellular debris will accumulate 
around the growing perimeter of the plaque. When plaques begin to form, it is 
important not to change the culture medium, because this will remove the virus. 
At this point of the procedure, the intent is to have the viral infection spread 
to the majority of cells in the dish for amplification. During this process, if the 
medium becomes yellow, supplement the existing medium with a small volume 
of fresh medium. 

4. When generating novel recombinants, it is essential to verify that the adenoviral 
genome contains the cDNA of interest. It is also necessary to determine that the 

new vctiui cApicsscs a luii^uuiiai gene piuuutu j-/cpciiuiiig un uic gene piuuuti, 
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adenovirus and measuring the protein synthesized by ELISA, Western blot, or 
a functional assay. 

5. When the cells become cytopathic, they appear granular and begin to round and 
detach from the plate. At the time of harvest, small plaques should also be visible 
with the naked eye. Because adenovirus is a lytic infection, it is important to 
follow 293-based cells closely, as they begin to become cytopathic. High yields 
will be obtained if the cells are full of virus at the time of harvest, but have 
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not yet burst to release viral particles into the liquid medium. Thus, the initial 
centrifugation of the cells serves to concentrate the virus. 

ft Thic ctpn ic npnpccnrv tr\ inrrpncp thp titpr nf thp nHpnrwirnl ctnr-V c\rtr\ rpHurp 

contamination of the i|)5 helper virus. The stock generated from this procedure 
should be used to infect cultures for subsequent large-scale adenoviral prepara- 
tions. To reduce the chance of generating replication-competent virus, it is 
recommended that viral preparations not be continually passaged but propagated 
from this original stock. 

7. Each viral supernatant should be diluted in 10 mM Tris-HCl, pH 8.0, and divided 
among multiple (two to four) CsCl gradients. This ensures that the gradient does 
not become overloaded with a large amount of virus and cellular debris, which 
could form aggregates and lead to preparations of low purity. Impurities are often a 

suuitc ui nit; mil annua uiuii nui^u wntii uaing aLitnuviiai pi^paiauuiia 111 vivu. 

8. A minimal volume of viral solution is recommended for efficient transduction. 
However, the cultures should be monitored during the infection period to ensure 
that the cells remain completely covered by the viral solution and do not dry out. 
Infection of chondrocytes is performed over a wide range of MOI to optimize 
the levels of expressed gene product. 

9. Following transduction, chondrocytes will continue to express the transgene 
product for a week or more. During this time, the cultures can be monitored for 
various markers of chondrocyte metabolism, including proteoglycan and type 
II collagen synthesis. However, it should be noted that this procedure cannot be 
used to assess the effects of long-term transgene expression, as the viral genome 
remains episornal and will not be maintained upon serial passage. 
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Gene Therapy of X-Linked Severe Combined 
Immunodeficiency 

Salima Hacein-Bey-Abina, Genevieve de Saint Basile, 
and Marina Cavazzana-Calvo 



1. Introduction 

This review describes the main steps which led to carrying out the gene ther- 
apy clinical trial for X-linked severe combined immune deficiency (SCID-X1) 
patients, from the preparation of the retroviral vector up to the design of GMP 
conditions to transduce ex vivo the CD34+ cells of patients. This gene therapy 
protocol is currently being applied and the encouraging preliminary results 
published (1). The success of this protocol could be mainly attributed to 
the physiopathology of the SCID-X1 disease (for review, see ref. 2), which is a 
good model for a gene therapy application. However, progress in the technology 
of gene transfer into hematopoietic progenitor cells (HPCs) may also have 
contributed to this success. The most important improvement concerns the use 
of fibronectin, which increases the transduction efficiency by colocalization of 
the retroviral particles and the HPC The other improvement is related to 
the use of the early-acting cytokines such as stem cell factor (SCF), Flt3 
ligand, and megakaryocyte growth and differentiation factor (M-GDF), which 
promote immature CD34 + CD38 low cycle induction, making them permissive 
for transgene integration with minimal loss of their lymphoid potential (3). 

1.1. Preparation of Defective Retrovirai Vector 
Containing the yc Gene 

Our standard packaging cell line for virus production is t|) CRIP and 
MFG/B2, the defective retrovirus vector, but different packaging cells or other 
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retroviral vector constructs can be used. The MFG vector is derived from the 
Moloney murine leukemia virus (MLV). The gag, pol, and env genes, which 
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encoue tne virus proteins, were removed arm sequentially introduced into 
NIH 3T3 murine fibroblasts to create the i[> CRIP packaging cell line (4). The 
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cis retroviral sequences necessary to tne prouuction anu maturation oi tne 
recombinant viral genome transcripts, their reverse transcription, and their 
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the recombinant provirus and the flanking fragments of the cellular DNA are 
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mutation (G-A) in position 1005 (5). Sequence expression is controlled by the 

vnai lung Luiiiiniai i^pv^at ^n\;. 

7.2. Obtaining of the Recombinant Virus Producer Ceii done 

• A cDNA encoding the y-chain common (yc) to the interleukin (IL)-2, IL-4, IL-7, 
IL-9, IL-15 and IL-21 receptor is prepared from total RNA isolated from the 
lymphocytes of a healthy subject. The prepared fragment contains the entire 
coding sequence, from the initial methionine to the stop codon, and sequencing 

QnaltT-eie r*nnfirmc that it io irlAntir*a1 tr» tliA rvnhliehArl CAnnpnr>A 

W11141 V JIO W11111111J U1UI 11 iU 1UV11HVU1 l-V^ U1V UUIV11J11VU JVVJUVllVVi 

• The 1.13-kb fragment (AFLlll-BamHl) of the yc cDNA is inserted by ligation at 
the uniaue Ncol site of the vector, which should coincide with the first methionine 
of the yc cDNA and with the unique BamKl vector site. The MFG/B2-yc vector 
constructed in this way is completely sequenced. 

• The i|> CRIP packaging cell line is transfected by a coprecipitation in calcium 
phosphate (2 M) of the retroviral construction and the pSV2-neo plasmid at a 
10 to 1 molar ratio. Cells that are integrated and stable and those expressing 
exogenous DNA are selected by exposure to 1 mg/mL G418. Individual clones 
of G418-resistant cells are tested for their capacity to produce retroviral vectors 

{see i3UDneaCtlllg ^.a.;. 

£.. iviaiei iais 

2. 7. Virus Titration of Producer Ceii Ciones 
and GMP-Produced Supernatants 

This chapter deals with the different procedures used to determine the best 
producer cell clone (the clone producing the highest virus titer supernatant) 
and to test the titer of each subsequent GMP-produced supernatant from the 
selected clone. 

2. 1. 1. Transduction Protocol of the NIH-3T3 Cell Line 

1 . 1 0-cm-Diameter culture Petri dishes . 

2. Polybrene (Sigma Chemical, CO). 
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J. L^UIUCUUU S 111UU111CU cagie S 111CU1U111 ^J^lVlClVlj giUWUl 111CU1U111. 



4. Fetal calf serum (FCS) (Stem Cell Technologies). 

5 Trvnsine— ET)TA 1"V ffrinrn-T ifp Tprhnnlnoipc^ 

6. Phosphate-buffered saline (PBS) IX. 

2. 1.2. Southern Blot Analysis 

1. Ethanol 100%. 

2. Agarose. 

3. Electrophoresis buffer, TBE IX (89 mM Tris-borate, 2 mM EDTA, pH 8.0). 

4. Whatman 3MM paper. 

5. Nylon membrane for capillary transfer. 

6. NaOH, 0.5 N, for DNA denaturation. 

7. Prehybridization, hybridization, and posthybridization solutions are as described 
classically (Molecular Cloning, Laboratory Manual [6]). 

2.1.3. Transgene Expression Study 

x. .r-niti-yv viiani opv^vinv aiiuuuu) P 11 )' ^ uw ) Ulllil lauwvu v. A "g 11 "■"? Lai all 11-11 Ulllail 

IgG2, Pharmingen, San Diego, CA). 

2. PBS IX. 

3. FCS. 

4. FACScalibur (Becton-Dickinson Immunocytometry systems). 

2. 1.4. Titration by TAQMAN Quantitative Polymerase Chain Reaction 
[rLsn/ Analysis 

2. 1.4.1. Transduction of the HCT-116 Human Cell Line 

1. HCT-116 human cell line (provided bv Genethon III, Evry, France). 

2. Six- well flat-bottom tissue culture plates. 

3. DMEM growth medium. 

5. FCS. 

6. Trypsine-EDTA IX (Gibco-Life Technologies). 

7. X-vivo 10 (Biowhitaker). 

8. Polybrene. 

9. PBS IX. 

2.1.4.2. PCR Analysis 

i. l^in/\ extraction mi (rromega, vjcnuiiuuvvizaiu). 
2. Two sets of primers and probe (target and reference): 

Dnp nf ttipm nncitinnpH in thp TT^-T? rpainn nf thp TVTT "V T TT? • 

Forward primer: ATT GAC TGA GTC GCC CGG 

Reverse primer: AGC GAG ACC ACA AGT CGG AT 

Taqman probe: 5'FAM-labeled TAC CCG TGT ATC CAA TAA ACC CTC 

TTG CAG TT 
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The second is specific to one part of the human albumin sequence (used to 
normalize the amount of DNA): 

FnrwnrH nrimpr- GCT GTC ATP TPT Tf T T H^H PTH T 

Reverse primer: ACT CAT GGG AGC TGC TGG TTC 

Taqman probe: 5'VIC labeled CCT GTC ATG CCC ACA CAA ATC 

TCT CC 

3. Plasmid PMOI Alb (provided by Genethon III, Evry, France). 

4. Universal master mix IX (Perkin Helmer). 

5. Multiwell 96 plates for Taqman analysis (Perkin-Elmer). 

6. ABIPRISM 7700 sequence detector (Applied Biosystem). 

Z.Z. KsiiiiiLrCii riuiuuui. «7cr#cruifUff cifiu # f cii ISQUCllOn 

r\4 DcMti/snte*' f*r%OA . /^o/le 
i/f FalieniS \sUo £ t+ isGIIS 

2.2. 1. Selection of CD34+ Cells from Patients' Bone Marrow 

1. PBS-EDTA working buffer (Miltenyi Biotech). 

2. Human serum albumin 20% (HSA). 

3. Human serum albumin 4%. 

4. Anti-CD34 antibodies (Miltenyi Biotech). 

5. X- vivo- 10 (Biowhitaker). 

6. Fetal calf serum (Stem Cell Technologies). 

7. CliniMACS tubing set (Miltenyi Biotech). 

8. 150/300-mL transfer bags (MacoPharma). 

II ^ fill -*-^*fc I I -*•-■ -*-% I ,-v I j-\-w t ,-*»** l-% *"* V>- j^ / \ /I rt ^-» >-v I J l-% j"W-*"»^*fc S*. \ 

1 H T not* r«r\r»r»£ir»t<~kt* ^Ti-t-aii-r*^ 

2.2.2. Preactivation Step 

1. X- vivo- 10 (Biowhitaker). 

3. SCF(Amgen). 

4. Flt3-Ligand (Immunex). 

5. IL-3 (Novartis). 

6. M-GDF(Amgen). 

7. Sterile containers of 85, 180, 390, and 600 cm2 (Nexell). 

2.2.3. Coating of Culture Sterile Containers with the Human 
Recombinant Fragment of Fibronectin (CH296) 

1. Tube containing 4 mL of concentrated CH-296 human fibronectin (2.5 mg per 
vial; Takara-Shuzo, Japan). 

2. PBS IX (Gibco-Life Technologies). 

3. Human serum albumin 4 % (HSA). 

4. Culture bags of 85, 180, 390, or 600 cm 2 (Nexell), depending on the cell 
number. 
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^.^.h. iransuuciion olg/j 

1. The appropriate number of cryopreserved bags of retrovirus containing superna- 
tant (MFG-96B2) (150 mL/bag). 

2. The same cytokines as used in the preactivation step (i.e., SCF, FLT3-L, M-GDF 
and IL-3) (they are used at the same concentration established for the preactiva- 
tion step) 

j. riuianiiiic suiicuc ^iiwm j. 

4. The culture bags precoated with fibronectin CH-296 as described above. 

5. Braun connections. 

6. Stock bottles. 



2.2.5. Preparation ot the transduced cells tor Administration 
to the Paiieni 

1 . Human serum albumin 4% . 

2. 70-mL "Transfer" bag (Cryocyte) or a 150/300-mL (MacoPharma) bag, depend- 
ing on the number of cells. 

3. Braun connection. 

O. IVI6II lOUS 

3. 7. In Vitro Analysis: Virus Titration 

3. 1. 1. Transduction Protocol of the NIH-3T3 Cell Line 

V^ll^ V7X WUX OLCUXl^ClXta ^V^XX XXllV^O XV7X IHIUVIIUI V^HUl LI CX CILXV711 IO 111^/ 111U1111V 

^11 l^r-.^ 1MTXJ QTQ 

^^XX XXll^ min _ j X *J . 

1. Day 1: Culture 5xl0 5 NIH-3T3 cells per 10-cm-diameter culture Petri dish 
for 24 h. 

2. Day 2: Incubate the NIH-3T3 cells for 2 h with 4 mL of virus supernatant per 
Petri dish, in the presence of 8 [ig/mL of polybrene. Then, add 6 mL of DMEM 
containing 10% FCS. 

o t-^„„ o. r» i xi_ i: „.*ii_ 1 r\ t „r r\i /tt^a t a„:„ • 1 aw T7/~io 

j. i^ay j. jvepiaue me iiicuium wiui iu ini^ ui i^ivijz,ivi uuiiiitiiinig luvc rv^o. 

4. Day 4: Discard the culture medium and remove the adherent cells by applying 

^00 1 1 T nf tr\mcinp— PPlTA in Pfiph Pptri Hich Tnrnhntp -fr\r 9 min c\t / ^ r 7°C i thpn 

*^ \J \J UVJ^/ W-l- t 1 > L/UXXXV l^il> J- J. A J. -LA VUV11 X Vlll VJ-J- UJ.X * X11VUI/H-I.V J- Vl ^ 111111 Wi l> m~* I ~+^S m U.J.WJ.J. 

remove the cells using 10 mL culture medium. Centrifuge for 5 min at 1500 rpm. 
Wash the pellet with PBS IX and count the cells. An aliauot is removed for 

i i 

immunofluorescence analysis (see below). DNA extraction is performed with the 
rest of the cells for Southern blot analysis. 

o. i .£.. \duuiiigii i diul /Analysis 

1. In a final volume of 10 fxL, digest the following cells with an enzyme able to 
liberate the ligated insert (yc) from the retroviral vector: 
10 fxg of DNA from each producer cell clone to be tested; 
iu jxg oi uin/\ irom nonmieciea inhi-jij norooiasis; 
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20 pg of yc vector plasmid (corresponding to 1 vector copy); 
2 pg of yc vector plasmid (corresponding to 0.1 vector copy). 

9 PliapctpH PlMAc arp rvrpr-irntntpH with pthrmnl InfiHpH nn a R% r\ac\rr\Qf* apl ftnrl 

electrophoresed overnight at 55 V. 

3 . The gel is then transferred onto a nylon membrane and hybridized to a P 32 -labeled 
yc cDNA probe. Prehybridization, hybridization, and posthybridization washes 
were performed according to standard procedures (6). 

4. Filters were exposed to X-ray film, in the presence of an intensifying screen 
at -80°C, 24-48 h. Quantification of the band intensity of the producer cell 
clones is compared to the intensity of copies 1 and 0.1 of the vector using a 
Pho sphorlmager. 



A /"\ JT^yi f\S~T\ r-\ 



a uviru-^o£>z yc; cione capaoie oi iransierring approx u.j unrearrangea 

^upics ui uit ivii vj-uz,y^ piuviius iniu nit genuine ui uic niii-ju iiiuini^ 

fibroblasts under these conditions was selected, amplified, and then frozen at 
6 x 10^ cells/mL in liquid nitrogen to be stored. 

3.1.3. Transgene Expression Study 
(Determination of Transduction Efficiency) 

1. Distribute 5 x 10 5 infected NIH-3T3 diluted into PBS IX + T2% FCS into 
appropriate FACS tubes. 

2. Add 10 uL of anti-yc PE-specific antibody, incubate 30 min at 4°C, and then 
wash with PBS 

3. Resuspend the cell pellet in 500 uL of PBS IX. 

nrhp nprnpntQCTPC r\f\tr nriciti^p r*p11c cirp ciccpccprl V\\t TnAr^^s cinci1\/cic Tn cirlrHtinn 

to the frequency of transduced cells that reflect the transduction efficiency, 

thp titpr could ^1cr» hp rnl nil fUpH ac fnllnwc fwhpn Hiffprpnt HiliitionQ nf the 

supernatant were used in the transduction protocol): 



T r • -i r^r iin Number of transduced cells 

Infectious particle per mL = % of transduced cells x 



Volume of supernatant (mL) 



The Titration curve (% of transduced cells) = f (volume of supernatant) is 

nlnttpH c\rtr\ thp titpr ic r'^lr'nlntpH in thp linpsir innrt nf thp nnrvp 



7V*A V V-'A VA.I.W VUi- T W « 



3. 1.4. Titration bv TAQMAN Quantitative PCR Anaivsis 

The principle is to transduce a human cell line with serial dilutions of 
MFG-yc-clone-derived supernatant and to analyze the transgene integration 
by real-time quantitative PCR. 



3.1 .4.1 . Transduction Protocol of the HCT-1 16 Human Cell Line 

Our standard cell line is HCT-1 16 cells, but other human cell lines permissive 



- ^-»*» rt -*-v^ -*-^ I 
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i. i^ay 1. opin i a iu~ nL-i-iiu uciis/wcn un a sia-wcii jjiciic 111 i^ivicivi i-iuvc 

FCS corresponding to the number of points tested in duplicate. Do not forget 
two wells for cell numeration on the da v of transduction. The cells are incubated 
24 h at 37°C, 5% C0 2 . 
2. Day 2: Control the adherence of the cells and their state of mitosis (the cells are 
infected when they reach 50-60% confluence). Add 1 mL of trypsin-EDTA to 
one or two wells reserved for the cell count. Thaw the viral supernatant at 37°C 
and dilute it in X-vivo + 4% FCS to obtain a volume of pure supernatant in the 
wells as follows: 1000, 800, 600, 400, 200, 150, 100, 75, 50, 25, 10 jaL, and 
0. Put 1 mL of each supernatant dilution on the cells in the appropriate well 
together with 8 [ig/mL of polybrene. The cells are incubated at 37°C in 5% C0 2 



P t-vtv ir~r~>~\ it . i r\rrf ri/*lfl 



ior z n, ai wmcn poini i mi^ oi uivimvi +iuvc r^^ is aaaea ana me lncuoauon 



^UllllllU^U dl J I \s ±U1 Z<4 11. 



3. Day 3: The medium in each well is removed and replaced by fresh medium. 

4. Dav 4: The infected cells are harvested bv trypsin-EDTA exposure, washed with 
PBS IX, pelleted, and stored at -20°C until DNA extraction. 

3.1.4.2. PCR Analysis 

Real-time Quantitative PCR is performed to determine infectious titer of 
MFG-yc-derived supernatant by determining the number of integrated vectors 
in a population of infected cells. 

1 . Genomic DNA from infected cells (HCT-1 16) is extracted using the Promega kit 
anu tnen useu iui mc quantitative rv^jv template. 

A. l n/uait otiiai unuuuiis ui niv^ uiaaiiiiu a ivivyi j~i.iL/ iciiiging nuin ^ ** ikj iu 

2 x 10 1 copies. The plasmid contains two copies of the LTR and one copy of 
the human albumin sequence and is used as the reference for viral copy number 
quantification. 
3. About 100 ng /10 [xL of DNA from infected cells or from the plasmid sample, 
diluted in H 2 were added to 15 fxL of duplex mix containing IX of the universal 
master mix; 0.2 \xM of each primer and 0.1 \xM of each probe. All samples are 
run in duplicate. 

Tn£* o-rr»-r\li rt r»oh r\n r»An/iiHr»nc mrc* SO I TfW / THITI Q^ i TC\Y 111 tYiin nn/i Sll 

111V V1111VJ1111\^UL\,1\J11 ^V-'lld-I.L-l.WlJ.O Cll C ^J \J \_-- 1U1 ^ 111111, " ^J \w- 1U1 ± \J 111111, ClllLl ^J \J 

cycles at 95 °C, 15 s and 60°C, 1 min. Amplification, data acquisition, and 

onol\7Cic rtre* nArrnrmArl r\r\ i"n<=k ATJTPT?TQA/T T~IC\C\ 

A etanrlarrl r»nr\7<^ rf^t — /Y1r\rv T^MA ^nn^pntrotmn^l ic r\1r\tti^rl "frvr <^ar»1-» Pf~^T? 

A 1 OLU11UU1U V^LAA V V^ |_ V_ -■ L / llVt J-^AIA 1 VVJ11W11I.1UUV11/J AO L/lUkLk/U 1V1 V^CtV^AA X V_^XV 

and enables quantitation of the number of copies. The sample DNA duplicate 

ic ^YtrQririiQti^rl nn thf* ct^nHcirrl rMi-ruf* fr\r niiQnti tQtirvn Th^n for ^cir-h c^mnlp in 

iU V;VUUL/V1WIVU Vll U1V UtWllUWlU VWA T V^ AV^A UWWllUlWUVll. A 11V11) 1V1 V^»*VAA JU111L/1V AAA 

duplicate, the ratio (number of LTR copies/number of Alb copies) is calculated 

c\rtr\ trip infpr»iimie tirpr HptprminP'H 5ic fnllrvu/c 



billU W1V J._1_A_E_ WW W V^ UU VAtVA UVVV1111111VW M.LJ _1_V^AAV^ TT U i 



Infectious particle per mL = (Number of LTR copies/number of Alb copies) 
x (Number of transduced ceils/volume of supernatant (mL). 
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The titration curve (LTR/Alb) = /(volume of supernatant) is then plotted, and 
the titer is calculated in the linear part of the curve. 

3.2. Selection and Transduction of Patients' CD34+ Cells 

u.^. /. i/L/jtt Lxc;// c?c?/c?L/i/u/ / 1 1 uii i rcwci ILS UUI IC IVIClllUVV 

The mononuclear cells (MNCs) were first isolated from the total bone 
marrow (BM) by Ficoll gradient density separation. Hematopoietic progenitor 
cells bearing the CD34 antigen are then selected by an immunomagnetic 
procedure using the CliniMACS system from Miltenyi Biotech. 

3.2.1 .1 . Preparation of the Bags 

i. rieptue iwu uags ui uuiici mo— cum wiui VA/c noA (zu-iiij^ sample ui trie 
20% albumin is injected in each bag of 1 L PBS-EDTA). 

^^ • A. A V l^/t^L V I- VV W IX XL/ IV 1W> VA L/U«lU ■ 

• Detach a bag after having made three seals and clamp the tube from each 
bag and the central tubing. 

• Bag 1: Use the sterile connection equipment to transfer 500 mL of PBS- 
EDTA-0.4% HSA into one of the two bags. Record the volume and the 
contents on the bag. Write "MNC+Abs" on the other bag and stick on a 
bar-code label. Seal the central tubing. 

• Bag 2: Use the sterile connection equipment to transfer 300 mL of PBS- 
EDTA-0.4% HSA into one of the two bags. Record the volume and the 
contents on the bag. Write "Abs wash supernatant" on the other bag and stick 

un a uai-tuuc lauci. ocai uic Central uuuing. 

3.2.1 .2. Incubation with Anti-CD34 Antibodies 

1. Take a sample of the anti-CD34 antibodies (7.5 mL) and transfer this sample 
into the cell bag via the coupler. 

2. Incubate the cells with the antibodies for 30 min at room temperature (22°C) 
on the orbital shaker. 

3.2.1 .3. Washing the Anti-CD34 Antibodies After Incubation 

1 flr-»/">Q +r\ a All min inr>nKotirtn 10 r<r\mnlata aotonncn o ctanla r>rtnnar»tir»n iT7itri 

bag 1. 

2. Transfer the labeled MNC to the bag labeled "MNC + Abs." 

3. Expel the air from the bag and rinse the bag used for the incubation three times. 

4. Centrifuge at 200# for 10 min at 20°C. 

5. Connect bag 2 aseptically to the centrifuged cell bag without removing the bag 
from the bucket. 

6. Place the cell bag on the plasma extractor then slowly release the press. Unclamp the 
tubing from bag 2 labeled ' Ab wash supernatant" and unclamp the central tubing. 
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7. Decant as much of the supernatant as possible and then clamp the tubing. Adjust 
the volume to 300 mL (largest volume that can be deposited on the column) with 

PR^-FnTA-O ZL<% HSA cnlnHnn nr 

seal. Place the bag under the hood. 



PPiSi— PPlTA— 4% MSA cnlntinn nn thp rvrpr-icinn hnlnnr-p rinmn thp tnhina ftnrl 



3.2.1 .4. Selection of the CD34+ Cells 

1. While the centrifuge is running, prepare the tubing set under the hood and install 
it on the separator to prime the column by following the instructions displayed 
on the control screen. 

2. Once the priming is complete, connect a PALL filter to the bag containing the 
cells under the laminar-flow hood. 

q (~* — ^^^4- +u~ u„~ „ T *+u ±u~ cu^ +~ +u~ +,,i~:~ +. „~ a -c^ii T +u~ :~„+ +• +u~ 

J. V^UllllCUL 111C Utlg Willi LUC 1111C1 IU 111C LUUlllg SCI ClllU 1U11UW 111C 1115 11 UCLLU11S Ull LUC 

V/U11UU1 JV1W11; U1C11, OlUll UJ.V' U.U.llSJ.J.l.U.I.V'U kJ\^A\^\^liV7ii Wi Atiiy\^A\^VJ ^V/11J. 

4. At the end of the procedure, clamp the tubing above the collection bag and then 
seal and nlace the bap under the hood. 

5. Transfer the positive fraction into a 50-mL tube. 

6. Rinse the bag with PBS-EDTA-0.4% HSA using a 50-mL syringe fitted with 
a pump needle. 

7. Transfer the rinsing solution into another 50-mL tube. 

8. Centrifuge both tubes at 200# for 10 min at 20°C. 

9. Decant the supernatant into two 50-mL tubes. 

10. Resuspend the ceils in X-vivo 10 culture medium containing 4% of FCS (the 
volume depends on the number of cells selected). 

1. iv^inuv^ an allCJUUL iui cjuanu}' v^wiinuia. 

• r-^11 r-nnnt c\v\r\ ^rmhiliti/ \x\r \t\tv\c\x\ nlnp ^vr-lnoinn method" 

• immunofluorescence (CD 34, CD 3, CD 14, and CD 19 positive cells); 

• bacteriological control: take a 1-mL sample of the negative fraction (see 
Notes 1 and 2). 

O O O ^D *->■»/-» /%^ii rj-t+i jr^n O^A« 

o.£.£. rittciuiivctiiuii oittp 

Early-acting cytokines were used for cell cycle induction and retroviral gene 
transfer. We submitted selected hematopoietic progenitor cells to the action of 
SCF (300 ng/mL) , Flt3 ligand (300 ng/mL), M-GDF (100 ng/mL), and IL-3 
(60 ng/mL) during 24 h before the transduction step. 



1 . An annronriate culture bap (85. 1 R0. 360. or 600 cm 2 ) will he used denendinp on 

• ri x c v — ' ' ~ — ' — / — — r a 

the number of CD34+ selected cells. Total volumes of the medium (X-vivo 10 
containing 4% FCS) and each cytokine (the CD34+ cell concentration should be 
0.5 x 10 6 cells /mL) are calculated. 

2. Prepare the mixture and introduce the cell suspension into the bag(s) via a 
Braun connection and a syringe body. Put the bags in the 5% C0 2 incubator 
at 37°C for 24 h. 
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o.£..o. nuucuuic iui lug UOaill ly ui k^uiluig \Dlgiug k^ui new iciz> 

with the Human Recombinant Fragment of Fibronectin (CH296) 

The extracellular matrix protein, fibronectin, has been reported to be an 
effective support layer for gene transfer into human hematopoietic progenitor 
cells because it can replace stromal cells (7,8). The gene transfer efficiency is 
significantly increased when an adhesion protocol on the human recombinant 
fibronectin fragment CH296 is used. 

Procedure (for one culture ba^ of 85 cm^): 

1. Remove from each bag the yellow covering protecting the injection site and 
attach a Braun connection. 

2. Take off the lid and insert a 20-mL syringe body. 

3. Put into the syringe 11 mL PBS IX plus 1 mL of concentrated fibronectin 
solution (final concentration 50 fig/mL). 

4. Replace the lid on the Braun connection and incubate for 2 h at room temperature 






5. At the end of the incubation period, aspirate the whole of the fibronectin solution, 
and using a new svrinee. distribute into the bae 20 mL of HSA 4% for nonsnecific 
sites saturation. 

6. Incubate for 30 min at room temperature. 

7. Aspirate the saturation solution and wash the bag twice with 24 mL of PBS IX. 

8. Leave the bag with the final PBS IX rinse solution under the hood until use or at 
4°C if it has to be kept for several days before being used. 

3.2.4. Transduction Step 

1. At the end of the preactivation step the CD34+ cells are harvested and pelleted 
by spinning 10 min at 350g. 

2. After the centnfugation, the supernatant is decanted and the cells resuspended 
in a small volume of X-vivo 10. 

3 Thp cells Are* rnnntpH fnllnwino thp trvnnn hhip pYrlneinn rnpthnH (A cnmnlp. iq 

•^ • -A AA^-" 'V ^'AA U WA ^S 'V V^ V*AA VVVl A Vr AAV T T 111 t^ VAA*»S VA J |^ V4AA **S A V* ^^ *t* ^ *- V A V* UA V^ A A AAA«^ %, A A ^V ^* * I A A kj V* A A A WS A '•^ A kjf 

removed for immunofluorescence control [see Note 2].) 

4. Calculate the number of CH296-coated bags necessary for seeding the cells, 
knowing that the capacity of the bags are as follows: 

(5-8) x 10 6 cells in the 85-cm 2 bags (volume: 25-30 mL); 
(10-16) x 10 6 cells in the 180-cm 2 bags (volume: 53-63 mL); 
(27-33) x 10 6 cells in the 360-cm 2 bags (volume: 115-140 mL); 
(42-50) x 10 6 cells in the 600-cm 2 bags (volume: 170-210 mL). 

5. Prepare the concentrated cellular suspension in a stock bottle (250 or 500 mL), 
adding the desired quantities of cytokines and protamine sulfate (used at 

*t flg/lllJ^y. 

6. Thaw the bag(s) of MFG-96B2 supernatant in a 37°C water bath. After thawing, 
remove the orotective nlastir nvprhpiafs'i anH nlace it/them under thp hnnH 
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7. Homogenize the content of the bag and introduce a Braun connector into one 
of the two openings. 

R Pnur nut thp HpcirpH vnlump nf cnnprrmtnnt in thp ctnr"V Hntflp 

9. Fill the fibronectin coated bags as follows: 

• Clamp the tube of the bag, remove the lid, and connect a 50-mL syringe 
body. 

• Distribute the predefined volume of prepared cellular suspension. 

• Replace the lid. 

• Repeat the operation according to the number of bags there are to seed. 

• Place the bag in the incubator at 37°C with 5% C02 for 24 h. 
The transduction step is repeated three times at 24-h intervals. 

3.2.5. Preparation of the Cells for Administration to Patient 

1. Remove the culture bags from the incubator and place them under the culture 

11UUU. 

2. Put the cells back in suspension by gently shaking the bag in a rotating movement. 

3. Asniratp the cellular suspension using a SO-mT, svrincrp 

4. Empty the content into Falcon 50-mL tube(s) and wash the bag once in an 
adjusted volume of 0.9% NaCl, corresponding to the capacity of the culture 
bag. Rinse the surroundings of the bags carefully to detach the cells that have 
adhered to the fibronectin. 

5. Centrifuge the cells for 10 min at 350g at room temperature. 

6. The supernatant is carefully decanted in all the tubes (avoid discarding it until you 
have counted the cells). The pellets are pooled in two or four tubes, depending 
on the ceil density to facilitate ceil washing. 

7. Wash the cells once by filling the tubes with 0.9% NaCl solution and twice with 

olKumin c<~\1~iTh r\fi ll— IV A A OL~,\ in r\rr\c^r f/-\ aliminota oo rTnnr>ri oc r-\i~»o oil-vl a -fVia -ft-aa 
Cl±L/U.±±±_L±± OU1UUU11 ^llVJ^l T /U I ±1± U1UV1 I.KJ \^±-L±±±±l±CH-V^ CIO HHA.\sll tAO LTWOOlL/l^ U-LV^ ll^V/ 

viral particles and reagents. 

8. At the end of the last centrifugation, resuspend the two or four pellets with a small 
volume of HSA 4%, Pool them and take out a small aliquot of the resuspended 
cells for cell counting (following the trypan blue exclusion method) and for 
quality control testing (see Notes 1-3). 

9. Transfer the cells into a 70-mL "transfer" bag (Cryocyte) or a 150/300-mL bag 
depending on the number of cells. Adjust the final volume to 50 mL or 100 mL 
depending on the weight of the recipient. (The cellular suspension must be at a 
minimum concentration of 10 x 10 6 cells/mL/kg.) 

10. Label the bag and send to the clinical department. 

4. Notos 

1. Every day, during the clinical protocol, an aliquot of the removed culture 

aujj^iiiaLaui ib duuniiLu^u ikj a uantnuiugivai COIlirui. 

2. In addition to the cell count, a phenotype analysis by direct immunofluorescence 
is performed to evaluate transduction rate and CD34 maintenance on a daily basis 
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until me uay oi injection, mis analysis specifically identities me lOiai number 
of CD34+ cells and double positive CD34+ yc + cells contained in the graft. 

Thp nrpr-linirnl ctnHipc nllnw nc tn rvrpHir't thnt nnnrny ^0—40% nf thp C^T^^A-i- 

cells will express the transduced yc-chain at the end of the three transduction 
cycles (3,9). 
3. The natural killer (NK) cell differentiation potential of transduced and untrans- 
duced CD34+, assessed for the final product on the last day, is studied in vitro 
in the continuous presence of SCF and IL-15. After 3 wk, transduced cultured 
cells should be differentiated into NK cells (CD56+) able to kill the K562 target 
cells (10). 
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Gene Transfer for Generation of Tumor 
and Leukemia Vaccines 

Dagmar Dilloo and Andree Zibert 



1. Introduction 

Tumor vaccine strategies aim to compensate for the reduced immunogenic ity 
of tumor cells (1-4), Neoplastic cells fail to induce an effective antineoplastic 
immune response for a number of reasons, such as defective antigen-processing 
mechanisms, decreased levels of MHC expression, or lack of costimulatory 
molecules. In tumor vaccine generation, these deficits may be overcome either 
by introducing genes encoding for immunomodulatory molecules into the 
tumor vaccine cells or by employing professional antigen-presenting cells 
such as dendritic cells (DCs) that have been primed with tumor antigens. 
For preparation of tumor vaccine cells, choices have to be made with regard 
to autologous versus allogeneic target cells, the immunomodulatory genes 
used for transduction, and the appropriate gene transfer system used for the 
introduction of immunomodulatory molecules. 

In the tumor vaccine setting, the efficacy of different cytokines (5-7), 
chemokines (8,9), as well as costimulatory surface molecules (10-12) have 
been demonstrated. There is currently no indication that any single cytokine or 
costimulatory molecule may be optimal for all different tumor entities targeted 
by the tumor vaccine approach. Choices on a particular cytokine/chemokine 
combination or costimulatory surface molecule are based on preclinical studies, 
primarily murine tumor vaccine models. Yet, the observed efficacy of the 
tumor vaccine may not always transfer to the clinical setting. The choice of 
autologous versus allogeneic tumor vaccine cells also has major implications 
on the gene transfer system employed. Autologous tumor vaccines are prepared 
from primary tumors or malignant hematopoietic cells obtained from individual 
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patients. Although such autologous vaccines have the definite advantage of 
presenting an antigen profile that is identical to the original neoplastic cell, 
isolation and expansion of the primary malignant cells are often problematic. 
Thus, for genetic modification of autologous tumor cells, gene transfer systems 

+t,„+ „ii~„, -c t,:~i~i- T ~£±z ~: 4- 4- 4- „„ii 4- j 4-: „,, :„ j-u„ „1 „.r 

LlliU illlUW 1U1 lllglliy C111U1C11L UllgCL UC11 LlitmUUULlUll CVC11 111 LUC ilUbCllUC Ul 

cell proliferation are warranted. Here, adenovirus and herpesvirus vectors have 

piuvQii paiuwuiaii}' u^ciui piuviuing licuimciil uaiisgciic cajji^smuii in yiimaiy 

human neoplastic cells (13). In contrast, allogeneic tumor vaccines are often 



-*^ -f« j-\ -*^ i-fc -WS^l. i 



-__ - . j. /-J T-*«v"ta -fv^ r^4~ *-\ V^ Ii7 4-~**£-\ -f* n /-J i -■ x - * s-\ y-J -*^ r-fc-••^-^ *^l I I t t I I I /\ *^v^ r-k +- y-k l^\ s~\ y-J fn *^v^ v'-*.-** /-% j~\ II I -a ■*-* /-\ ry m m sm 1 

pi^pai^u iiuin ataui^ tiaiiauu^^u, paitiaii^ m^rv-iiiaL^ii^u luiiiui l,c;ii iin^a \±^f. 

For stable transduction, retroviral vectors are most commonly used because 

vj± Liiuii aunitj lvj iiitug,! au^ mtvj tnu nuai ^v^ii g^injin^. avi^lujv i±a± vv^^Lvjia navL 
iwuiiu wiut-api^au cippn^ciu.^11 ivji gv^nv^ Liana-Li/i mtw in^iiicn-^pv^iv^ti^ ^v^±±j \±^r/. 

However, as retroviral vectors require target cells to be in cycle, they are 

r\T nmifarl irolna Tnr froncnii^tmn at r\rt m o-r-t 7 Vi 1 1 trr-i o -n narvnlocti^ ^i2illo o/^iifizi 

Ox .m_j.inx/»a vaiuv^ ivi uaiiouu^uun ui LjFjjjjjcijj jjujjjcijj nvupaLju^ ^nio, axui.^ 

leukemia cells in particular. In contrast, lentiviral vectors transduce nondividing 

r»(=illc on/1 r\cf\T£L r\APti cnA«;n tr\ pvmKit mnrlArofp rrAtip troncfpr ATriPiArip\r in 

V^VllO 111 111 11UYV U/V^V±± OllWYll \.KJ ^J\111UH- IIIUUWUIV/ &V^±AV^ H tlllkjl \^1 Vllll/lVllvV 111 

leukemic target cells (76). 

Thy V1VH Pll ItllfpH T^f^e rviQuKA rl^m^r! <^1 tli ^t* "frr\m r\(=kn 1-^11(^1* q1 K1r\r\rl mr\-nr\r»\?t(^c 

J— >yv V J. ¥ \J VUltUlVW i-'V^L) lllUJ LyV^ UW1YVU V1U1V1 11 Ulll L/V11L/11V1U1 L/1UUU UlUllUVJ l-V^O 

or from CD34-positive hematopoietic progenitor cells, and retroviruses have 

K^f^n QnfTPQQfnll v licfH for tVi^ir CT^np'tir' moHifir'Qtirkn (T7\ Alcn nrli^nfYuircil 

UVVll U tlVW^LJU-L LA±±V UUVV1 AV^A U1V11 ^V^AiV^HV/ 111V v*m V/ i*H V 11 11/ /i 1 HOV^, WVIV11V V 11W1 

vectors have been shown to efficiently transduce immature and mature dendritic 

r-pllQ (1R 1Q\ lnnr iicf 1 in tumor var-rinp QtrntpaiPQ HpnHritir' r-pllc havp tn hp 
nrovirlpH \x/itn tnp tiimnr-^QQnpintprl nntiapnQ /'TA A"i fnr Qtimnl^tinn nf an 

l_/ X V/ f A VJ-W X^f- T ¥ A VAA LllV VWi-AAAVv' A. d L_> U ^_/ W 1 A iitV X^»- V-* A A V A W V1J.U I A A V A V I A. V-' A kj VAAAA U-lCitl V A A V^ A. Vtll 

effective antineoplastic immune response (20). If a TAA has already been 

identified the encoding cDNA mav be transfered into T^Ps nH1i7ina virnl or 
^ — ^ — ^ — , — ^^ ^^ ^^^^,^^ ^^^^ ^.^ — ^^„^ — ^^ — ^ ^^ „^^^^^^ ,^^»^^ v ^ 

nonviral vector systems. Alternatively, DCs can be pulsed with protein or 

nentides derived from TAA. In the absence of defined TAA, however, tumor 

cell lysates, apoptotic bodies, peptides, or total tumor mRNA may be loaded 

onto DCs for tumor-antigen presentation (17). 

Thus, depending on the tumor vaccine strategy pursued and the target cells in 

auestion. one mav ont for different vector svstems to achieve ontimal exnres- 

sion of cytokines or other costimulatory molecules. An important consideration 

when aiming for bulk transduction of high numbers of vaccine cells is the fact 

that viral vectors differ in their abilitv to grow to high titers, in their transduc- 

tion efficiency of primary cells of different origin, and in their capability of 

transducing nondividing vs dividing nrimarv cells. There are also differences in 

i~> <*-J O IT J 

viral replication intermediates that governs either stable or transient transgene 
expression in target cells. The protocols detailed below focus on gene transfer 
with vector systems, based on adenovirus and herpes simplex (HS V) viruses for 
tumor and leukemia vaccine generation, respectively. As retroviral vectors have 
been successfully employed for transduction of dendritic cells, a protocol for 
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retroviral gene transfer into hematopoietic ceils is provided below emphasiz- 
ing the importance of colocalization of virus and target cells for retroviral 
uaiisuucuon \4±,ll}. 



2. Materials 

1. All transductions of target cells are performed in biological safety cabinets 
certified for use of respective viral vectors, providing protection for the product 
as well as the personal. 

2. Outside the biological safety cabinets viral vectors and genetically modified 
target cells are handled in closed systems. 

3. For the generation of single cells from tumor material, sterile scalpels and tube- 
shaped glass mortar and pestle and ceil strainers (70 \xm nylon, Falcon, Becton 
Dickinson Labware, Le Pont De Claix, France) are required. 

A Wnr nirtaotmn at tinner mnfanol i-t"f.Tr\cirt YaiYiS. < liir\r»<~\ T3T?T TJoiciItt xr>Anonn I r\r 

Accutase (PAA Laboratories GmBH, Linz, Austria) is employed. 

5. For cell culture, general nlastic laboratorvware and 15-mL as well as 50-mL 
conical plastic tubes with lids are needed. Cell culture and most gene transfer 
experiments are carried out in RPMI supplemented with heat-inactivated 10% 
(v/v) fetal bovine serum (FCS), penicillin-streptomycin (100 ^ig/mL), and 
glutamine (2 mM) if not otherwise specified. 

6. Neuroblastoma cells are cultured in EHS matrix six-well plates which have been 
coated with a naturally deposited extracellular matrix obtained from an Engel- 
breth-Hoim-Swarm tumor cell line (Becton Dickinson Labware, Bedford, MA). 



in T"fc /TTATV K /O' 



/. nviuivi ^igma; suppiemeineu wim zuvc r^o, penicmm-streptomycin, anu 
Retronectin® (BioWhittaker Europe, Taufkirchen, Germany) is used for retroviral 

trcmcr1iir»tirme C\rcw\i\\\ fctntnrc re*rtn\re*r\ tr» etimnlatA rvrrJif^rcitinn nf liAmcitAnni. 

umijuuvnuiiji vjivrim iuvivij ivvjuiivu i-v^ jumuiuiv uiuiiiviuuuu v^-l iivniuiui/vi 

etic target cells may include stem cell factor (rhSCF), interleukin-3 (rhIL-3) 
interleukin-6 (rhIL-6), flt-3 lisand (flt3-L), thrombonoietin, and granulocyte 
colony- stimulating factor (rhG-CSF). 

8. For differentiation of progenitor cells to DCs, rhSCF, flt-3L, interleukin-4 (IL-4), 
granulocyte-macrophage colony- stimulating factor (rhGM-CSF) (CellGenix, 
Freiburg, Germany) were used. 

9. Enzyme-linked immunosorbent assay (ELISA) kits and fluorescein-coupled 
monoclonal antibodies for determination of secreted or cell-associated transgenes 
are purchased from commercial distributors. 



3. Methods 

The following protocols describe small- and large-scale experiments. Small- 
scale experiments suddIv useful information with regard to the multiDlicity 

A A A ^ <^J A •■ 

of infection (MOI) {see Note 1) required to achieve adequate gene transfer 
efficiency. Small-scale experiments also allow assessment of transsene exDres- 
sion levels over time, which is of particular interest for vector systems mediating 
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uiiiy transient gene expression, m uie preclinical setting, large-scale experiments 
may be performed to generate sufficient vaccine cells for murine in vivo studies. 
Large-scale experiments are also useful to assess upscaling strategies and 
as a feasibility study for subsequent clinical-grade vaccine production. 

3.7. Adenoviral Vectors for Gene Transfer 

uttaust ui uitii v^iaauiiiy, autnuvnai vtwiuio aic aiuatuvt caiiuiuaits 

for tumor vaccine generation and considerable experience with the use of 

au.unvj v 11 ai vu^ujia 111 ^inii^ai tumvji va^C/inu aiuuits naa u}' nuw u^un i^mii^i^u^u.. 

The principle advantages of adenoviral vectors are the accommodation of large- 

ciTa Ti^-Fvi-i rr-n mzir-i <zio i"vT nr\ 1~i"v ^4^ l^r\ 1" ri <z* oi roi l oV-\-ili i~\ j r\\~ o nirrn 1~i 1"<2»-i~ \71T11C l"rlQt~ /"»oti 
OI^jV^ IMl^lg,!! gV^ll^O Ml LAj_/ IU ^^ AVU, UIV^ CI V CtllClUllll. J Ml CI Align - U.IX/1 V 11 LAO tllClt VClll 

y\cl ti i -flri a-*" orvnnantrota/i l-\^f oantnTiirrotion t"l-» <2» l-\r , /~vo/"l mr\ rra /~vt o ■ i o >•"» m r\f-i l~\ l <2k Io-ftt^I" 
L/V ILlltllV^l VMllWllULClLV^ia UJ UHlllllUgttUUll, LUC UlMCll^ IClllg^ Ml OIXOWJ-JCIUIV^ tCllgV^t 

cells, as well as the ability to efficiently infect nondividing cells achieving high 

IV V VIO V^i CAXL/V^X*. UWllOlVlll UA CAXXkJgV^XXV^ VAU1 VJJ1V11 \U %J J . WXXV VCAXX VAU1VJ11 l.XXV^OV-' 

qualities of adenoviral vectors for high-efficiency transduction of solid tumor 

\7Qr , r , i-np'c MpmQtnnniphr 1 onrl V»1nr\r1 r'P'llc \n7itVi \\\f± PYfpntmn r\"f mnnnf^/tpc 

VUWlllVJi 1 IVlllUtV L/V1VUV l*XX\_* l_'J-\_'\^'VJ- W11LJ »T 1U1 U1V VAVVUUV11 \S ±. 111V11WJ W L_J 

and dendritic cells — are relatively resistant to adenoviral infection. A potential 

nrnVil^m ic flip* ctrnncr immiinnnpnif'itv of* ^ir^l nrot^inc tVmt m^\r imnprlp 

L/1VU1V111 XO 111V JUUllt lllllUWllVtVlllVllj V^-L T Ai »-*X 1/lVlVlllU tAAtt*. XX-LW,\ lllll/VUV 

multiple applications of adenovirally transduced target cells. Clinical toxicity of 

vir^l nrntpin PYnrpccinn altVinnah nrnvp.n Vmyfirrlmic fnllnwina Hirer! in VIVO 

f lltil k/XVVVJ.11 Vil.k/A VUUXV/1A CilkllV/ Li wll |_/A V^ T '^^AA llMUMAVfWVU iVAAV FT lllw V^»- J. J- V 'W V J- J. J. T J. T V-' 

application (24) — is of lesser concern in the tumor vaccine setting where genetic 

mnrHfi ration of tumor ppIIq iq generallv nprformpH py vivo 

Here, adenoviral ^rotein expression ma v even enhance the immunogenicity 
of adenovirally transduced tumor vaccine cells. Safety-modified viruses have 
been designed to counteract the potentia] disadvantages of viral nrotpin expres- 
sion as well as the risk of recombination events with wild-type virus. Dele- 
tions range from E1/E3 deletions on the prototype (23) to second-generation 
adenovirus vectors that lack all viral coding sequences. These latter vectors are 
generated bv cotransfection of linearized nlasmids encoding the transgene that 
was ligated to the viral encapsidation and replication signals, together with 
DNA of mutant adenovirus lacking the encansidation signal (25). 

Following are two representative adenoviral transduction protocols for 
primarv isolated solid tumor cells and dendritic cells. 

3.1.1. Adenoviral Transduction of Primary Human Solid Tumor Cells 

The solid tumor gene transfer protocol has been validated for nrimarv human 
neuroblastoma cells; however, it should translate with minor modifications to a 
number of other adherentlv growing solid tumors as well (see Notes 2 and 3). 
The following protocols are for preclinical use only and require additional 
modifications to meet the standards of good manufacturing practice if intended 
for clinical use. 
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o. i . i . i . i UMOR otLL isulai ION AND i^t> rABLISHMEN i ui- oi-ium - i ti-sivi ouli ui-tt 

1. For isolation of primary tumor cells, transfer the tumor specimen obtained from 
surgery or by biopsy to a 150-mm Petri dish and chop it into small pieces max. 
4 mm 2 in size using two scalpels. 

Z. r itiuc luiiiui jjicucs iniu a j\j-iill* uuinuai iuuc uuiiituiiiiig z,u iiil, ui uypsiii— cvj it\. 

Incubate at room temperature (RT) for 30 min. (See Note 2.) 

3. Add 20 mL RPMI/10% FCS to stop the digestive process and pellet cells and 
remaining undigested tumor pieces by centrifugation for 10 min at 400g. 

4. Remove supernatant and resuspend cells in RPMI/10% FCS and pass them 
through a Falcon cell strainer (70 \xm) into a fresh 50-mL conical tube. Set tube 
with strained single-cell suspension aside. 

5. Transfer the nondigested pieces remaining in the strainer into a funnel-shaped 
glass mortar and add fresh RPMI/10% FCS. 

6. Apply turning motion to mortar and pestle to dissociate the remaining cells 
from connective fibers. 

7. Use a pipet to pass the cellular suspension from the mortar through a fresh 

FalCUIl v^n suainci iiilw LIlc ^\j-iiij_j v^uinwai iuuc a^i aaiu^ ±i± aitp -t aim ptn^L lllc 

combined cells by centrifugation for 10 min at 400g. 

8. For short-term cell culture, seed (1—2) x 10 6 tumor cells/mL in a six- well culture 
dish with a maximal volume of 3 mL/well and incubate at 37 °C in 5% C0 2 
{see Note 3). 

9. After 24-72 h, a good portion of tumor cells has settled. Gently remove floating 
cells and transfer into a second six- well plate. Feed the adherent cells in the 
first plate with fresh media. 

10. For large-scale transductions, place up to 1 x 10 6 tumor cells/mL into T75 
flasks with a maximal volume of 12 mL. Otherwise, follow steps 8 and 9. For 
assessment of a number of adenoviral vectors at the same time or for comparison 
of different experimental conditions, one may choose to downscale the cell 

niltiirp vnlnmp licina ^ OA "7^11 nlnta ttzi+K 1 v 1 n5 ^allo/rviT ir, T?DA/fT/inc^ ET^Q 

and follow steps 8 and 9. 

3.1 .1 .2. Adenoviral Gene Transfer into Primary Human Solid Tumor Cells 

1. For analytical transductions, use the 24-well cell cultures once foci of adherent 
tumor cells or an adherent cell layer has developed. Take care to not let cultures 
overgrow by fibroblasts prior to adenoviral transductions. Remove complete 
media and add in 0.2 mL RPMI/2% FCS per well instead. 

2. Add adenoviral supernatant. Start pilot studies with an MOI of 2-5. 

3. Incubate for 2 h at 37 °C and 5% C0 2 . Shake gently every 15 min during this period. 

4. Add 0.3 mL RPMI/10% FCS and incubate overnight at 37°C in 5% C0 2 . 

5. The next morning, carefully aspirate the medium from the cells and place into a 

±^-1111^ v^uinvai iuuc. ojjui uuwn any v^tna iiuaumg iui iu 111111 ai tuu^ anu jjiav^ 

pelleted cells back to the adherent cell culture. 

6. Add 1 mL of RPMI/10% FCS and nlace cell culture dish into the incubator for 
the desired time until the cells are analyzed for transgene expression. 
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7. For large-scale transduction of solid tumor cells, grow cells in a T75 cell culture 
flask until foci of adherent tumor cells or an adherent cell layer has developed. 

R Rpmnvp r-pll niltnrp mpHiiim r\irtr\ cnin Hnwn anv flnntina r-pllc fnr 10 min c\t AOOo 
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and return pelleted cells to the plate of adherently growing cells. 
9. Add 5 mL RPMI/2% FCS and the adenoviral vector at a suitable MOI determined 
by small-scale transduction experiments as described in steps 1-6. As removal of 
adherent cells for cell counting prior to transduction is problematic with regard to 
reduction of gene transfer efficiency, estimate cell numbers per flasks following 
short-term culture based on preliminary large-scale cell culture experiments with 
the respective tumor (see Note 3). 
10. Incubate for 2 h at 37°C and 5% C0 2 . Shake gently every 15 min during this 
period. 

11 \AAir\™T Dmn/mfi'. rrc «^ fln^i, 
1 1. nuu iu ihj_j ivj: iviiv 1U /C i \^\3 pti iiaaiv. 

12. Following the overnight incubation at 37°C in 5% C0 2 , carefully aspirate the 
medium from the cells. S^in down floating cells for 10 min at 400 q and return 
pelleted cells to the plate of adherently growing cells. 

13. Add 15 mL RPMI/10% FCS per 10 6 cells and incubate at 37°C in 5% C0 2 for 
the desired time until analysis. 

3. 1.2. Adenoviral Transduction of Human DCs (see Note 4) 

1. For analytical transduction, resuspend 10 5 DCs in 0.2 mL RPMI/2% FCS in a 
24-well tissue culture plate. 

2. Add adenovirus vector. Start pilot studies with an MOI of 30-250. 

3. Incubate for 2 h at 37°C in 5% C0 2 . Shake gently every 15 min during this 
period. 

4. Add 0.3 mL RPMI/10% FCS. 

~>. i uiiuwmg uit uvtuiigiii mvuuauuii ai j/ \^ 111 ~> /v \^w 2 , v^ai^iun}' aajjuait uit 

medium from the cells. Spin down floating cells for 10 min at 400g and place 
pelleted cells back into DC culture. 
6. Add 0.5 mL complete medium and incubate at 37°C in 5% C0 2 for the desired 
time until analysis. 

3. 1.3. Analysis of Transgene Expression in Transduced Target Ceils 

For vaccine generation, genes encoding for different immunomodulatory 
molecules such as cytokines, chemokines, and costimulatory surface molecules 
are introduced into the tumor cells. Assessment of secreted immunomodulatory 
molecules analyzed over time in serial samples of cellular supernatant can 
be readily performed by ELISA and indicates levels as well as duration of 
transgenic expression. Assessment of immunomodulatory surface molecules 
expressed in trans on the genetically modified tumor cells can also serve to 
determine transduction efficiency. Alternatively, an adenoviral vector encoding 
for the green fluorescent protein or equivalent molecules can be used to 
determine gene transfer rates. The principles of analysis as outlined below 
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pertain to tumor cells as well as dendritic cells and to small- and large-scale 
cultures alike. 

3.1 .3.1 . Analysis of Cytokine and Chemokine Expression 

-L\J l*AAl*AV ZjV IV » VI J UllU IVlllVtlVU VI y ^'J LVlVlllVI V11V111V1V111V V/VL/1 VLJLJ1V11 111 CtVJ-VllVJ 

virally transduced tumor or dendritic cells by ELISA, cellular supernatant is 

comnlprl r\\ Hiffprpnt timf i _nnintc r\r»cttrQncrliir'tinn lnr\r Qrlp-nrvuirci 1 1\/ trcmcHur'prl 

UUlllk/lVU \A\. ViAAA V^A V^AAt U111V k/VlllllJ L/UUH1«11IJWWVUV11| J- V^A WVIV11V T AA till V HWUUViUVVVl 

target cells, 24-h intervals over 4 d have proven useful. 

1. For sampling, remove the entire supernatant from the cell culture dish also when 
studying large-scale cultures in T75 flasks. 

Z. opin uuwii any iiuauiig ecus iui 1U 111111 ai ^tuug, icmuvc anu anquui uic 

oi "it"\£»-rnatant fni* imm£»rli at£» ancil-iro-io Almnntc r»-p cnt-^^t^notcitit mrwr aler* V\£» ctr»v*=»H 

JUpVlllUlUlll -LVA 111U11VU1UIV UllUlj J1J. J 111UUVU \J A JUL/VlllUlUlll 111UJ t*A Lj V^ L/V JIV1VU 

by -20°C or -80°C depending on the storage conditions for the secreted protein 
and analyzed at a later noint in time. 

ml It 

3. Place pelleted cells back into the cell culture dish, add 2 mL (6- well tissue 
culture plate) or 10 mL (T75 tissue culture flask) RPMI/10% FCS and incubate 
for the next 24 h at 37 °C in 5% C0 2 . 

4. Repeat steps 2 and 3 several times to determine the duration of transgene 
expression at levels required for efficient immune stimulation. 

5. Aliquots of supernatant obtained from the adenovirally transduced target cells 
may also be used for safety analysis such as sterility, mycoplasma, and endotoxin 
testing. 

3.1.3.2. Analysis of Transgenic Surface Molecule Expression 

1. To analyze surface molecule expression in adenovirally transduced tumor or 
dendritic cells over time, it is best to seed sufficient aliquots of target cells 
in separate wells prior to transduction to allow for sampling of the entire cell 
population/well at each time-point of the analysis. By providing separate aliquots 
for each time-point, disturbance of the cell culture as well as sampling errors 
by removing only subpopulations from the wells resulting in skewing of the 
expression analysis are avoided. 

2. Remove the cells from the cell culture dish by pipetting or gentle scraping. Try 

+ ~ „ *J +~,„~~*~ T^T^TA +. — „+~, + -C 11 ~ 1 

LU aVUlU liypSlll— DL»l/\ llCailllClll 1U1 UC11 IClllUVCll. 

3. Pellet the cells by centrifugation for 10 min at 400g and resuspend the cell 

npllpf in hnffpr rvr tyipHiiityi aQ rpnmirpH hv thp rpcnp.rtivp. rvmtnrnlc frvr irnnrmrip 

fluorescent staining and analvsis bv microsconv or flow cvtometrv. 

3.2. HSV- Based Vectors for Gene Transfer 

Herpes simplex virus-based vectors, although originally designed for gene 
therapy of nervous system disease (26), have gained broader application, 
including the transduction of hematopoietic cells (27,28). Transgene expression 
mediated by these vector systems is transient; however, new developments of 
HSV/ AAV hybrid vectors have resulted in stable transgene expression (29). 
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HSV-based vectors for gene therapy are mostly derived from HSV type 1 
viruses and share a number of benefits described for adenoviral vectors, such 
as nign-titer vector preparations anu trie oroau range oi susceptioie target 
cells. In contrast to adenoviruses, HSV vectors also transduce leukemia cells 

■j-1 1 " 1 £H 

nil ni^ii ciiiuicnuy. 
A major disadvantage is the cellular toxicity resulting from cytopatic effects 

^J~ i-^j ui no v iiiicuuuii, wiiiwii uucj), nuwcvci, \<xiy uuiiMuciauiy uciwcqh 

target cells. As with adenoviral vectors, there is also the inherent risk of 

i^^uiiiuiiiauuii ^vc;iita wiui wnu-L^p^ vnua pi^a^nt 111 uic; iiust anu Uie jjua&iuixi^y 

of unfavorable immune responses directed against HSV proteins. Expression 
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Generation of deletion mutants of HSV vectors were designed to cirumvent the 

ol-\/"v , wizi t-\-r"/^r\l i2itTri o fl Ck l izkli <"vn r\T t~ r\ a rran a An/11-nrr T/^\r i~r\m rrl ^ t r* nr^r r\i~ at r\ rrl— I tnnt ic 

essential for viral infectivity results in the HSV type-2-derived DISC (disabled 

mfpptir\iic cmrrlp r»\7T»l(=i^ i?Aptr»r Tnic inrnc ic r» o r\ o r\ I <=» r\T r\n\\T r\rta mnnr\ r\T 

infection, as the viral particles generated in infected noncomplementing target 

r»pk11c Ar\ -nnit pvnrpcc nH ^7 3T\ Otlii^r ri=kr\1ir»Qtir\r»_r1<^"F(=kr»ti\7'Pk \7Pkr»tr\rc Vtn\r^ V\t^^-n 
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generated by deleting one or more of the viral immediate-early genes (e.g., 

Tf^PA nnrl //^P97^ n(=T«(='cccir\/ for ^^ircil r(=T\1ir«citir\n d'J\ TVip'cp' ^7(^r«trkrc rlr\ nnt 
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replicate in infected target cells and are propagated in complementing cell lines 

tnnt Qtfihlv PYnrp«c tnp H^lptprl qptipc in trfinc FiPnpnrlina nn tnp pvtpnt nf tnp 

vj-imv uvma/a t V/VL/J. Vulj vj.j.v x^p- w J- v w v^i- wvxxwu J.XJ. va vtxj-U* J-/ v L/ vllU-111 w vll vj.iv VAlvllL V-ZX Ulv 

viral crpnnmp Hplptinn tnnt Ip^Hq tn n rp-(\wrf*(\ cvnthpcic nf virnl nrntpinc thpcp 
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viral mutants also exhibit reduced levels of cytopathic effects. 

Fnr nreclinica] studies a versatile HSV mini-vector svstems called amolicon 
has been developed. While in recombinant HSV vectors, the transgene is 

intparatpH into thp viral apnnmp amnlirnn vprtnrs pnransiHatp a n1a<imirl 
a± ©-- iiiwvj , ^^^^ e>— — iii»^, ^^^^^^ — ^ , -^. ~^ .j^^.^^ — — -~ j^^..^ — „^^„ 

(amplicon-plasmid) that encodes the transgene, the HSV origin of replication 
and the HSV packaging signal (33), The name amplicon has been coined based 
on the rolling mechanism of HSV amplicon replication resulting in multiple 
conies of the transgene nacka^ed ner viral narticle. Amnlicon vectors can 
carry up to 1 50 kb of DNA, which allows for insertion of large-size genes 
or multinle 2enes. which is a useful feature when designing vaccination 

A f " - - - - - - - - - - . - j-, < - ? - - - - 

strategies with combinations of various immunomodulatorv genes. HSV 
helper-virus-dependent amplicon vectors are produced by transfection of 
the amolicon-Dlasmid and coinfection with a deleted HSV-helner virus into 

Jr ±. x^ 

the complementing HSV packaging cell line. The downside of helper- virus- 
dependent amplicon generation is that "emptv" helper virus particles are 
generated together the amplicon particles and contribute to target cell toxicity. 
This may be overcome by a helper-virus-independent bacterial artificial 
chromosome B AC amplicon vector. The latter vector is generated by cotransfec- 
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tion of the transgene carrying amplicon— plasmid and a B AC vector that contains 
the complete HS V genome except for the HSV packaging signal. Helper- virus- 
independent BAC amplicon vectors were recently improved by cloning the 
ICP27-deleted HSV-1 genome into BAC (34) as a safety measure. Principally, 
BAC amplicons should be less toxic to target cells, as helper-virus-independent 
BAC amplicon vectors do not support de novo synthesis of HSV genes. Because 

no v iias uc^n ic^ciiuj icpuitcu lu ciiiuiciili^ uanauutc iiciiicuupicuu wciis 

(27,28), we provide a protocol for HSV-mediated transduction of human 
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3.2. 1. Determination of Vector Dose Required for HSV Gene Transfer 
by Titration of Transgene Expression 

Recombinant HSV vectors are titrated by plaque assay using a complement- 

incr n^ll linp* Tn thic qccciu ^i-ml rp k r»1ir*citinn ri^ciiltc in tn<^ fr\rrrmtir\n nf nloniipc 
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on the adherent cell layer. When calculating the multiplicity of infection (MOI) 

npprlpH for trnnc Hi infirm nf tsircrpt rpllc thp nnmhpr nf rilQmiP-frkrminCT unite 
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(PFUs) is taken as representative of the number of infectious viral particles 

pnrrvina thp. trnnQcrpnp Whpn titrntincr hplnpr-viriiQ-HpnpnHpnt nmnlirnriQ thp 
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plaque assay is a measure for the helper virus particles that are also present 
in thp nmnlirnn nrpnnrntinn vet if does not indicate the concentration of 
amplicon particles carrying the transgene. The amplicon/helper virus ratio can 
be determined bv comparative analysis of amplicon/herpesvirus DNA restric- 
tion fragment intensity or by polymerase chain reaction (PCR), Alternatively, 
the concentration of transducing viral particles (transducing "units") can be 
estimated by titration of transgene expression after transduction of a reference 
cell line with serial dilutions of viral stock. 

Determination of transducing "units" in a reference cell line is also useful 
for titrating helper-virus-independent BAC amplicons, as these viruses are 
replication defective and cannot be assessed bv plaaue assav. Transgenes 

a J r 1 J O 

encoding the green fluorescent protein or a cell surface molecule allow for 
readv assessment of sene transfer efficiencv bv flow cvtometrv. Although any 
cell line (e.g., mouse 3T3 fibroblasts) may be used as a reference cell line, 
ideallv a cell line is chosen that is closelv related to the definitive target cell. 
When comparing different viral preparations on a reference cell line, serial 

A H^-' A A 

dilutions of the viral stocks may be used to determine the volume required for 
transgene expression in 50% of a defined number of target cells. As gene transfer 
efficiency of herpesviral vectors is often associated with cellular toxicity, one 
may wish to use a reference cell line also sensitive to the cytopathic effect (CPE) 
of HSV vectors to determine the viral dose that mediates optimal transduction at 
acceptable cytotoxicity levels. This may be of particular interest when evaluating 
amplicon stocks where the helper virus content may significantly influence the 
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extent of CPE. For leukemic cells, the murine B-cell lympoma cell line A20 
may be used for evaluation of transgene expression and CPE of viral stocks. The 
following respective protocol for HSV-based vectors encoding a cell surface 
molecule may also be adapted to nonhematopoietic target cells. 



1. Incubate serial dilutions of the HSV vector preparation with 10 5 A20 cells in a 
total volume of 0.3 mL medium (RPMI/10% FCS/0.05 mM P-mercaptoethanol) 
in a 24-well tissue culture plate. Plate several aliquots per tested vector dilution 
for determination of transgene expression at different time-points (24, 48, 72 h) 
post-transduction. 

2. Shake cells gently every 15 min for 2 h (see Note 5). 



/"\ A 1 



5. incuoate ror Z4 n at 5 1 ~u in ;>%> l:u 2 . 

4. Determine transgene expression by flow cytometry for detection of green 
fluorescent protein or surface marker expression. Also, determine viable cells by 

tnmnn Hliip" ctnininrr rvr V\\r flrvni/ n\?tr\mp*tr\T ncinrr rvrnrvirl inm inrlirl^ 

5. Repeat steps 3 and 4 at later time-points. 

6. Plot transgene expression against virus dilution and against viable cells to 
characterize individual preparations of viral stock. 

7. Determine dilution of virus that efficiently transduces target cells with minimal 
cytopathic effect (see Note 6). 

0.£.£. Il&l ISUUULIUI I Ul l-ttUKttmici L/W/ii usmy nOV-DdZJVU vttutuis 

1 . Human leukemic cells derived from bone marrow aspirates or peripheral blood are 
obtained by Ficoll® density gradient centrifugation. The mononuclear interphase 
is collected and washed twice in PBS to remove any remaining Ficoll solution. 
Resuspend mononuclear cells in RPMI/10% FCS at 4 x 10 5 cells/mL. 

L. rui siiiaii- suciic iiciiisuuuiiuiis, uaiisiei L x iu" uens in \j.j ini^ r^rivii/iuyc rLo 
in a 12-well tissue culture plate. (See Note 7.) 

^ AHH WSIV vpr-trvr Pnrrppnmhinant WSIV ctnr-Vc ctnrt with A/TOT 1_1f) Pnr hplnpr- 

virus-dependent amplicon viral stocks, start with MOI of 5-20 based on the 
titer obtained by plaque assay. For helper-virus-independent BAC amplicon, 
base your choice of viral dose on the determination of transduction efficiency 
obtained in the reference cell line. 

4. Incubate plate at 37°C in 5% C0 2 . 

5. Shake tissue culture plate gently every 15 min for the next 2 h. 

6. Incubate plate overnight at 37 °C in 5% C0 2 . Addition of 0.5 mL RPMI/10% 
FCS are sufficient for a 24-h incubation. 

7. Determine transgene expression 24 h post-transduction (see Subheading 3.1.3.). 

o. ivicuiuni-acaic uaiisuu^uuiis ma)' uc 1C41111CU iui picpaiauun ui icuivciiiia vac- 
cine s to be assessed in a preclinical animal model. 

9. Plate u*"> to 3 x 10^ leukemic cells per well of a 6-well culture i^late in 1 mL 

RPMI/10% FCS (see Note 7). 
10. Add sufficient amount of HSV virus stock as determined in the analytical 
experiments. 
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the next 2 h. 
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13. At 18 h posttransduction, transfer cells into 15-mL tube, top up with 10 mL 
PBS, and spin down cells for 10 min at 400g. Resuspend cells in 10 mL PBS 
and repeat centrifugation step. Adjust cells to the desired concentration in PBS 
for vaccination. 

3.3. Retrovirus for Gene Transfer 

Although transient expression of immunomodulatory genes is sufficient for 

moct tnmrvr VQ^nnp Qnn1ir>Ql"ir\nc thp rrpnprQHnn r\f Qllnrrp-npir* UQ^nnpc fmm 
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himnr r*p11 linpc ciftYvrrlc n ctnKlp intpcrrcitirm r\f flip trancapnp tn allow for IcircTP- 

scale expansion of the vaccination cell line. Retroviral gene transfer results in 

infpcrrQtinn nf thp rvrnvinie into thp hr»ct op-nnrnp- with ct^blp PYnmccinn r»f thp 

transgene. At present, retroviral vectors are the only vectors for which substantial 
clinical exnerience with tranQdi infirm nf hematonoietic cell is available (35) 
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Retroviral transduction of leukemic cells can be achieved in acute and chronic 
myeloid leukemia; however, it does require the cells to be in cycle (36,37). 
Stably transduced cells after retroviral gene transfer have importance as a 
bystander cell vaccine, where nontumor cells like fibroblasts are transduced 
and admixed to the tumor vaccine cells, which leads to the expression of 
immunomodulatory molecules at the vaccination. Potential disadvantages are 
the low titers of retroviral stock preparations and the comparatively small insert 
size of only 6-7 kb that can be accommodated into the retroviral backbone. 
Nonetheless, multinle 2ene exnression. which mav be desirable for the genera- 
tion of combination vaccines, can be achieved utilizing an alternative promoter 
or a viral internal ribosome entrv sites (IRES) in addition to the retroviral 5' 
long terminal repeats for gene transcription (38). 

Most retroviral vectors are based on the genome of murine retroviruses, 
usually the moloney leukemia virus, a member of the group C oncoviruses 
(39). As human cells do not express the murine ecotropic receptor required 

^ -* J. A A J. 

for viral binding, the retroviral backbone is packaged in an envelope carrying 
a heterotypical viral envelope protein, such as the envelope protein of ampho- 
tropic virus (40), the gibbon-ape leukemia virus (GALV) (41), or the vesicular 
stomatitis virus (VSV) (42). Such pseudotyped viruses enhance the versatility 
of available retroviral vectors. Yet, for receptor-ligand interaction to occur, 
frequency and duration of contact between virus and target cell needs to be 
enhanced. Several techniques have been developed to improve colocalization of 
virus and target cell such as centrifugation flowthrough procedure (43-45), and 
the use of tissue culture plates coated with fibronectin or fibronectin fragments 
(21,22). As gene transfer efficiency critically depends on cell proliferation, 
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exposure of target cells to growth factors prior to transduction significantly 
improves gene transfer rates into hematopoietic cells. Various growth factor 
combinations have been assessed in different settings including SCF, thrombo- 
poietin, flt-3 ligand, IL-3, IL-6, and G-CSF. For expansion of hematopoietic 
piu^cniLui ucnt) iui UK., aiiierentiation, ov^r, m-j iiganu, ij^-h-, aiiu vjivi-^or 
have proven effective. Myeloid leukemic cell isolates may be brought into 
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transduction (36,37). 

3.3.1. Retroviral Gene Transfer into Human Hematopoietic 
Cells Using Fibronectin 

1 . Incubate hematopoietic progenitors with a growth factor combination as required 
to induce cell cycling. 

2. At the day of transduction, dilute Retronectin in PBS as suggested by the manu- 
facturer to yield 4 ug/cm 2 . For coating 24-well or 6-well plates, assume an area of 
2.0 cm 2 and 9.6 cm 2 per well, respectively. Use nontissue culture dishes. 

^> . ri.\jvi JVC LI U11CC- Llll oUllillUll v\j L11C Lllbll. 

4. Incubate plate at least for 2 h at RT. 

5= Decant solution and block with 2% bovine serum albumin (BSAVPBS for 
30 min at RT. 

6. Wash coated dish with PBS. 

7. Resuspend 10 6 cells in 1-4 mL of retroviral supernatant aiming for an MOI of 
2-5. If retroviral titers are low, you may have to reduce cell number/volume. 
(See Note 8.) 

8. Transfer cells suspended in retroviral supernatant onto Retronectin-coated plates. 
Add growth factors as used for prestimulation of target cells. 

9. incuoaie ior znau/xin 5% ^u 2 . 

10. Carefully remove supernatant and pellet any floating cells by centrifugation for 

X \J 111111 UX TUUt • J.VV^kJ L*kJ iy\^±±VJ Wll L/V11VI J.±± 11VJ11 -L \^ H. V/ V 11U1 kj UUVlllUlUlll. Lj *-*[-' [-'iV/ 111V11 tv^\_» 

with growth factors and place back into the Retronectin-coated plates. 

11. After 2 h. renlace retroviral sunernatant bv fresh comnlete medium containing 

' -L J. •/ J. O 

growth factors as above. To this end, remove retroviral supernatant and pellet any 
floating cells by centrifugation for 10 min at 400g. Resuspend cell pellet in fresh 
complete medium containing growth factors and place back into the dishes. 

12. Incubate at 37°C at 5% C0 2 until next day. 

13. Repeat incubation with viral supernatants to cells after 24 h and 48 h proceeding 
through steps 7-12. 

14. Analyze transgene expression starting 24-48 h posttransduction (see Subhead- 

Illg J.A.J.). 

4. Notes 

1 . Multiplicity of infection refers to the number of infectious viral particles per 
target cell. For quantification of viral concentration in different vector prepara- 
tions, refer also to Subheading 3.2.1. 
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z. iryjjSin— oi^i/\ is a sianuaru approacn ior tissue digestion anu nas proven useiui 
for neuroblastoma and other tumor cells. Accutase is an alternative for digestion 
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useful also for other tumor entities. Tn some cases, one may have to refrain 
from the use of digestive enzymes and use physical homogenization of tumor 
specimens only. 
3. Isolated neuroblastoma cells should be plated on EHS-coated tissue culture 
plates or flasks. For some tumor entities, collagen-coated tissue culture plates 
may be useful, whereas untreated tissue culture plates may be sufficient for 
others. Cell numbers/well are indicated in the protocol for neuroblastoma cells 
and may need to be adjusted for other tumor entities. 
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adenoviral transductions (18). However, this issue is controversial (17). Also, lipid 
formulations like Linofectamine have been shown to enhance adenoviral transduc- 
tion (46). Our protocol involves transduction of DCs while growing in tissue culture 
plates; however, DCs can also be harvested and infected in suspension. 

5. Repeated mixing of viral supernatant during the first 2 h of infection as well as 
small volumes of cell/virus mixture can improve transduction efficiency. You 
may have to adjust the cell/volume ratio depending on your target cells. Some 
authors suggest using lower amounts of FCS during the first 2 h of infection to 
enhance infectivity; however, we did not observe any difference in the target 
cell lines tested. 
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purified viral stocks that have been purified by sucrose gradient centrifugation. 
You may test for cytotoxicity caused by impurities of the viral stock by boiling the 
virus at 95 °C for 30 min prior to incubation with cells. If cytotoxicty in target cells 
is still observed under these denaturing conditions, the effect is most likely caused 
by impurities in the supernatant of the viral stock, such as remnants of cellular 
debris and not the result of de novo synthesis of viral proteins. 

7. If transducing adherent tumor cells instead of leukemia cells, you may want 
to wait until tumor cells have settled in the tissue culture plate. Alternatively, 
transductions of adherent cells can also be performed in suspension to allow for 
infection in a small volume. We have found that short trypsinization of the target 

v^cii uucs iiui ancv^i auuscqucm no v transduction, nuwcvci, ucpcnuing un uit 
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treatment with EDTA alone or simply by scraping. For the first 2 h of incubation 
with HSV vectors resusrjend target cells tmhtlv nacked in a small volume in a 
15-mL conical tube and flick the bottom of the tube every 15 min. Alternatively 
resuspend target cells in 1-2 mL of medium in a 15-mL conical tube and rotate 
the tube on a rolling device at 37 °C for the entire transduction period. 

8. When working with low- titer retroviral supernatants or supernatants that are toxic 
to target cells, preload the Retronectin-coated dishes with retroviral supernatants 
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in 5% C0 2 , remove supernatant and add fresh retroviral supernatant. Repeat 

fnr cpvprnl rnimrlc n« cppttic npppccarv tn rrimnpnciitp fnr flip low titpr nf flip 

AX^A UV T V1W1 XV/U-i-lU-U WiU LJVVJ.11LI 11V V^ W U U d-A > t'V VV/lllk/ VllUMtV J- 'V A HIV A V/ TT l-l V^-'A \y A lAAW 

supernatant used. After preloading of the Retronectin-coated dish with retrovirus, 
add target cells in complete medium containing the appropriate growth factors in 
a volume of 1.5 mL/well for a 6-well plate and 0.5 mL/well for a 24-well plate. 
Incubate for 2 h at 37°C and 5% C0 2 and top up with growth factor containing 
medium for overnight incubation. After 24 h and 48 h, you may wish to repeat 
the whole process by transferring the cells onto a new dish that has again been 
preloaded with retrovirus. 
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Cytokine Gene Delivery into the Central Nervous 
System Using Intrathecally Injected 
Nonreplicative Viral Vectors 

Roberto Furlan, Stefano Pluchino, Peggy C. Marconi, 
and Gianvito Martino 



1. Introduction 

The delivery of drugs through the bloodstream in patients affected by central 
nervous system (CNS)-confined multifocal diseases can be therapeutically 
ineffective because of the presence of the blood-brain barrier (BBB), which 
forms an inaccessible wall to the majority of CNS-targeting molecules. The 
BBB is a specialized endothelial structure formed by the interaction between 
endothelial cells and astrocytes. It can be distinguished from the normal 
endothelium for the presence of tight junctions between endothelial cells, 
which are impermeable to macromolecules and even ions, and for the reduced 
endocytic activity, which considerably decreases the number of molecules that 
can cross the BBB in a nonspecific fashion (1). Only the presence of specific 
transport mechanisms assures that molecules essential for the brain metabolism 
(e.g., amino acids and glucose) reach the brain parenchyma. 

1.1. CNS Drug Delivery 

Chronic inflammatory demyelinating diseases of the CNS, such as multiple 
sclerosis (MS), might benefit from anti-inflammatory therapies (2), However, 
promising treatments such as those based on the systemic administration of 
anti-inflammatory cytokines did not result in a consistent therapeutic effect in 
MS patients (3), The scarce capacity of cytokines to cross the BBB, along with 
their short half-life and autocrine/paracrine activity, might render necessary 
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the delivery of these molecules directly into the CNS. Biological and physical 
vectors engineered with heterologous genes coding for anti-inflammatory 

i* * i i * iii # i * * i 

cytokines might represent tne appropriate tooi to deliver cytokines into tne 
CNS (4). Results obtained in rodents affected by experimental autoimmune 

~ u„i T „i:+:„ /T7 \r;\ j-u „ : i j~i„ „.c a/to *. +!,:„ „,~~i^ 

enucpntiiuiiiyciiLiJS (^/vo;, liic animal muucit* ui Mo, suppun Lint) wuiKing 

hypothesis (5). 

7.2. The Ependymal Way to Access the CNS 

iiwL, wt a uiniiiai iz^ liiu u^v^iini^ai jjiuc^uuiu anu. tnu LHJU.ui^ainjvjLing, Ol a 

novel strategy we recently established to access the CNS using viral vectors 

V^llg,llH^V^AV^ia VVJ.L11 HHWUlUgUUL? gV^ll^O V^UUlllg 1V1 ClllLJ. - AllllCllAlAAlCm~M J V^ J t^XVlllV^O. 
ri-i-i c nnnrAnpn 10 l-\oo<zi/H r\T1 1"r»i2v 1 -n -1 izi/'^l - -! /~vn -m<"/"v <~ ri <z* r<ara nrrvc r\i n n l -H 1 1 1 /H /■ vW 1 

space trough the cisterna magna (i.e.) of nonreplicative viral vectors (Fig. 1A). 

Tr»i<=ir»t(=irl ■\j<=ir»t/~\r , c in tiir-i-i inTAr>t pvr>lncnfplif tiAiirr\Apf"nrlArmQl r»<=kllo litunrr tnp 

A±JJ\^V^»A^VA yVLlVU) A-LA I.WAAA, llllWl ^AVlUdl Y Vl) AA\^ U.A \J\^\s \,\J\JI.\^± AAAdA VH1J lllllllg U1V 

CSF space (including the Virchow-Robin spaces) and forming the blood-CSF 

bQrriP'r cnrrr\nnrlinfr KntVi t\\e* KrQin Q-nrl tV»(^ cm-ncil rr\rr\ ft p* pnpnrlym?i1 
I^IAAAV^J. JUllWUllUlllt l/VHl U1W U1U111 U11U HIV JL/111U1 W1U I liVi; VL/VllVtj lllUlj 

choroidal, and leptomeningeal cells) (Fig. lb). The viral genome enters into 

flip 1 rmr'lp'iic of* in ff i r'i~f i rl r'P'llc nnrl Hir'tcitp'c hft^rrJocrrm c apnp trcincr'ri ration 

U1V 11UV1VUO V/i AXAAW/W^Vi VV11J W11U VI A V t *-H- V^ U 11VIV1 VIVtVWO tVHV VA Hll U VA A J-/ »-A V^ X A 

(Fig. lc). The protein coded by the transgene is then translated into the cell 

nvtnnlacm anH Qprrpfprl into thp CSF ^Fio. 1 rH Secreted nrntpinc Hiffncp via 

the ependymal layer or the pia mater, into the CNS parenchyma, where they 

are Qtill hinlnainnllv active nnH nan exert therrmentie aetivitv 



- ^^ <J VI J- J- »»^ A ^V^ A "V^" W, ^ ^-" *-* -*- J- T V*^-" VJ- T ^^ W-M-A^*- ^f V*-*--*- ■*r" J t 1VA V V^-M.^^^ %-V |^ ^- V* V1V V* V V^ T 



Onlv vectors fulfilling the fnllnwina criteria can be used' (1) vectors able 

WAAAJ , AO AWAAAAAAAAg, ±KJ±±KJ ,, AAAg, — — \-/ ' J-O '^ 

to infect nondividing cells because ependymal and leptomeningeal cells cycle 
at a very slow rate; (2) vectors that can be obtained at very hi^h titers because 
only very small volumes (up to 10 \iL in mice) can be injected; (3) vectors with 
very low or no immunogenicity because the protocol is designed to interfere 
with an already ongoing immune reaction; (4) vectors expressing the transgene 
Ion? term because repeated intrathecal iniection of the vectors is a not feasible 
approach in a routine clinical setting. 

Several viral vectors fulfill the above-mentioned criteria, among which hemes 
simplex virus (HSV) type- 1 -derived vectors, adenoviral vectors (AD), adeno- 
associated viral vectors (AAV), and lentiviral vectors. However, onlv HSV-1 and 
AD vectors, to our knowledge, have been intrathecals delivered, so far. 

7.2. 7. Herpes Simplex Type- 1 -Derived Vectors 

Several features make HSV-1 a likely candidate as a vector for gene transfer: 

(1) At least one-third of the 152 kb of the HSV-1 genome is made of genes 
nonessential for replication. These genes can be deleted and substituted by 
exogenous genes without any detrimental effect for in vitro viral growth. 

(2) HSV-1 can be easily propagated in several different cell lines (e.g., 
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Fig. 1. The ependymal route. Nonreplicative viral vectors engineered to contain 
a cytokine gene are injected intracisternally in cerebrospinal fluid spaces (a); these 
vectors insert their genome into the cells lining ventricles and sub-arachnoid spaces 
(ependymal and leptomeningeal cells) (b) and induce them to transcribe (c) and 
translate the cytokine gene which is then released (d) into the cerebrospinal fluid. From 
there the exogenously produced cytokine can travel through the ependymal cell layer 
into the brain parenchima and exert there its potentially beneficial effect. 



complementing cell lines), allowing the generation of high- titer viral stocks, 
(3) HSV-1 is able to infect several different cell types, regardless of the cell 
cycle, with high efficiency, making it an ideal candidate vector for several 
applications (i.e., infection of postmitotic neurons). (4) During the lytic cycle, 
many HSV-1 genes are expressed with high efficiency, A heterologous gene 
driven by a viral promoter can, therefore, produce large amounts of protein. 
(5) HSV-1 is able to persist in a state of latency for the whole life of its host. 
During latency, the viral genome is circularized and remains as an episome in 
the cell nucleus. Lytic genes are silent and only latency-specific transcripts are 
present. The introduction of foreign sequences under the control of latency- 
specific promoters may allow long-term transcription of transgenes. 

We have been working with nonreplicative deletion mutant HSV-1 vectors. 
These deletions lead to the inability to replicate in normal conditions and lower 
their cytotoxicity. Immediate-early genes are the main target of the mutations 
because these genes are both essential for viral replication and responsible 
for most of the cytopathicity. Immediate-early genes are ICP infected cell 
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poiypepuues iLru, iLrzz, i^rn-, iLrz/, anu lCr4/, m oruer ui uecreasmg 
toxicity. Among those, only ICP4 and ICP27 are essential for replication, 
altnougn tne iauK ui some ui tne otners (itru, i^r^^j pruuuucs a marKed 
decrease in viral titers. HSV-1 deletion mutants have been generated lacking 
lillcc iiiniicuiaLC— cany genet* (iv^rt, iv_,rz,/, anu i^rzzj [u,/ ) anu ait piupa- 
gated on a corresponding complementary cell line producing ICP4 and ICP27 

^rz,z, is iiuiic^dtiiucu iui in viuu vncu grOWulJ. using Uiese nerpetlC Vectors 

engineered to express interleukin (IL)-4, interferon (IFN)-y, and fibroblast 

luwLii la^tui ^i VJ17-11, wc nave; uutaiiic;u divuui aging ic;auiia 111 DOul ini^c; anu 

nonhuman primates affected by EAE (5,8-13). 

1.2.2. Adenoviral Vectors 
Adenoviruses have a double- stranded DNA genome of about 35-40 kb and 

causing, in humans, benign diseases of the respiratory tract. Serotypes 2 and 
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adenoviral genome, between two inverted repeats (ITR) functioning as orig 

nf rpnliratinn thprp nrp ^nmnlpy trancrrintirmal unite tVmt f^n hp divided into 

four early (E) and five late (L) regions. Of those, region El A, the first expressed 
after infection is pe^pntinl for viral renlication First-?eneration vectors 

d-L. \r\m/±. A J. J. J. ^ W- L-J. V^ A A * A U ^ U kj ^ A A VA CI A A. V^ A T A A Ci A A ^ L/llV V* VA ^_/ AA« A. AAkJV | W '^^ AA^A V^t VA V-» A A T ^ 'W VV^ A U 

have been obtained deleting the El gene and replacing it with a 5- to 8-kb 

trrmsaenp eXDression cassette The F.1 aene nroHnrt wa<! nrovideH in trane hv a 
COmnlementins cell line Because of the hiah toyiritv and immnnoaeniritv of 

these vectors, high-capacity (HC), also named helper-dependent (HD) vectors, 
almost completely devoid of viral sequences, have been developed. HD vec- 
tors, which depend on an helper virus for in vitro growth, have only the two 
ITRs and the packaging signal and are, therefore, able to accomodate up to 
30-35 kb of exogenous DNA. Contaminating helper virus is eliminated both 
bv Cre-mediated excision of the packaging signal from its genome and. 
subsequently, by gradient purification. Main features of these vectors are 
(1) the abilitv to infect manv different cell tvoes regardless of the cell evele 
(including postmytotic cells), (2) reduced toxicity and immunogenicity, and (3) 
Ions-term exoression of the transsene ( ud to 6 mo). The senome can be entirely 
maniDulated as a Dlasmid and srown in bacteria, making its senetic ensineerins 
easier. Adenoviral vectors have been used to infect ependymal-leptomeningeal 
cells, also in nonhuman primates (14-17). 

A i -* 

1.3. Injection of HSV-1 Vectors into the Cisterna Magna 
to Access the CMS 

To access the CSF space of mice, the most common procedure is an 
intraventricular injection performed using a stereotactic apparatus. This 
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Fig. 2. Needle preparation. Hold the needle tightly with the tip at 3.5 mm from the 
end of the forceps (A); bend the needle with the forceps at an angle of approx 40°, 
keeping the cutting edge inside (B). 



procedure is, however, time-consuming and limits the number of mice that can 
be treated in a single experiment. Here, we describe the application of a quick 
and simple intraci sternal (i.e.) injection technique that can be used to deliver 
cytokine genes within the CNS, We also show a method to sample CSF from 
mice that represents an essential corollary technique to verify the efficiency of 
heterologous protein production within the CNS. 

2. Materials 

2.1. Injection Procedure 

1. Flat forceps, 

2. Dental needle 27G x 13/16 in. (0.40 x 21 mm) (see Fig, 2). 

3. Bunsen burner. 

4. Polyethylene tubing; inner diameter = 0.38 mm (0.015 in.); outer diameter = 
1.09 mm (0.043 in.) (Becton Dickinson, cat. no. 427406). 

5. 10- [aL Hamilton syringe. 

6. Diethyl ether. 

7. Multichannel pipet reservoir. 

8. Pipet tip box. 
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10^1 Hamilton syringe 



i 




polyethylene tubing 

Fig, 3, The injecting device. The injecting device is obtained connecting the bent 
dental needle to the 10 \xL Hamilton syringe through a small (approx 1 cm) piece 
of polyethylene tubing. 



2.2. Cerebrospinal Fluid Sampling 

1. 100-fiL Pyrex disposable microsampling pipets (Corning). 

2. Bunsen burner. 

3. Microdissecting scissors. 

4. Cloralium hydrate (store at 4°C for up to 2 mo). 

5. Disposable scalpel. 

6. Cotton swabs. 

1 Pir\£»t tin V\r»Y 

8. Butterfly needle. 

9. 10-mL svrinse. 

3. Methods 

3. 1. Intracisternal Injection of Vectors in Mice 

1. Needle preparation. Needles are prepared as described by Ueda et al. (18). 

Measure 3 5 mm from the tin nf a Inrap forcer) s anH tno thp nnint with n markpr 



.^ ^^ «, ^~^ & ~ ^^^^^j^^ ~^„ ^^ & « — ^ 



(Fig. 2A). 

2. Used the marked forceps as a tool to bend a 27-gage dental needle, keeping the 
cutting edge toward the inside of the loop (Fig. 2A,B). The needle should be 
J shaped, with an angle of approx 40° (Fig. 2B). 

3. Before recapping, the needle should be briefly flamed. 

4. Dental needles have a short needle at the opposite end as well. Connect a 1 -cm- 
long polyethylene tubing (internal diameter 0.38 mm) to the short end. Several 
needles can be prepared and kept for further use. 

5. Connect the dental needle, through the polyethylene tubing, to the needle of a 

±u-fXi^ xiaiiniiuii ayiiiigt; V- 1 -' *&• -V* 

6. Fill the resulting injecting device, aspirating the viral vector containing solution 
from a reservoir for multichannel pipets. 

7. Briefly anesthetize the mouse with ether, lean it on a small box (e.g., a pipet 
tip box), and bend the head slightly forward (Fig. 4). Run the needle along the 
external surface of the occiput and insert it into the cleft between the occiput and 
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Fig. 4. The anesthetized mouse is put on a support and the head bent forwards. The 
needle is inserted as shown at the midline in the cleft between atlas and occiput. 



the atlas vertebra through the intact skin, muscles, and ligaments in the midline 
at the back of the neck (Fig. 4). The bent part of the needle is kept in close 
contact with the internal surface of the occiput for the entire length (Fig. 4). 
The operator should learn to recognize the feeling of the needle being "hooked" 
to the mouse skull. 
8. Inject the vector-containing solution in approx 10 s (best done by a second 
operator) and keep the needle in place a few more seconds before extracting it 
(see Notes 1 and 2). The same needle can be used for several mice to be injected 
with the same vector. Mice recover rapidly from the procedure, showing no 
evident adverse effects of the injection (see Notes 3-6). 

The entire injection procedure takes less than 1 min. If the procedure has 
been performed correctly, your vector should have been distributed throughout 
the ventricular and CSF space (see Note 7). If a reporter gene-containing 
vector (e.g., p-galactosidase) is employed, the brain of an injected mouse 
should appear, upon specific staining, as in Fig, 5B (the solid arrow indicates 
the injection site; dashed arrows indicate viral vector-infected leptomeningeal 
cells). A sham-injected mouse brain is shown in Fig. 5 A for comparison. 

3.2. Cerebrospinal Fluid Sampling 

1. Cerebrospinal fluid can be sampled only at sacrifice, because the procedure 
permanently lesions neck muscles and the cisterna magna. 

2. Glass needle preparation. Keep the center of a 100-[aL Pyrex disposable micro- 
sampling pipet on the flame of a Bunsen burner until it starts to melt. Take the 
two extremities apart quickly, so that the pipet is divided into two parts with two 
short terminal cones (see Fig, 6). 
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Fig. 5. Dissemination of the dl20-IFNY-lacZ herpetic vector within the CNS of 
a representative Balh/C mouse after injection of 10 9 plaque forming unit (PFU) of 
the vector in the mouse' cisterna magna (I. C). Dark spots in panel B indicate the 
vector-infected cells around the injection site in a representative animal injected I. C. 
with the vector and sacrificed 72 h later. In panel A the same brain area obtained from 
a sham- injected animal is shown, 

3. Using microdissecting scissors, cut the terminal of the cone to obtain a cutting 
edge as indicated by the dashed lines in Fig. 6. 

4. Cut off the needle from a butterfly needle and connect the glass needle to its 
tubing. 

5. Anesthetize the mouse with an intraperitoneal injection of cloralium hydrate 
(400 mg/kg of weight) and check for the absence of corneal and deep pain reflexes. 

6. Lean the mouse on a support where you can bend the mouse head forward. 

7. With a scalpel, cut the skin of the mouse twice horizontally, above the occiput 
(above the first vertebras of the column, and once vertically to connect the two 
previous incisions on the midline). 

8. Open the skin, remove the muscles of the neck with a cotton swab and wait for 
the small hemorrhages to stop (see Note 8). You should see exposed the dura 
mater above the cisterna magna as a transparent sierosa (see Fig, 7). 

9. Using the glass needle, punch the dura mater, slightly lateral to the midline 
(see Note 9). 

10. The CSF enters the pipet by capillarity, usually 5-10 [iL. 

11. Empty the pipet in an Eppendorf tube by connecting it to a syringe through 
the tubing of a butterfly needle (after removing the needle) and blowing air 
into it. 

12. Sacrifice the mouse. 



4. Notes 

1 . Applying excessive pressure will cause hydrocephalus. 

2. Ten microliters is the highest injectable volume. Injection of more fluid will 
result in reflux along the needle track. 
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micro-dissecting scissors 

Fig. 6. Preparation of the glasss needle for the collection of the cerebrospinal 
fluid. The needle is obtained tearing apart a 100 ^,L micro- sampling pipet on an 
open flame to obtain a short conical end. A sharp edge is obtained as shown with 
micro-dissecting scissors. 



muscles 



occiput 




PUNCH HERE 



deflected skin 



Fig. 7. Cerebrospinal fluid sampling. The anesthetized mouse is put on a support 
where the mouse head can be bent forward. After skin and the muscles of the neck have 
been removed and the small hemorragies have stopped, use the glass needle to punch the 
exposed dura mater above the cisterna magna slightly lateral to the midline, as shown. 



3. Mice sometimes become ataxic because of cerebellar lesions. The length of 3.5 mm 
indicated for the bent part of the needle works with most mice strains at different 
ages. If, however, this becomes a recurrent problem or if the injection technique 
is applied to small or very young mice, shortening the needle length has to be 
considered. 

4. Mice that underwent intracisternal injection will lose some weight during the 
forthcoming 2 d, probably because of reduced food intake. 
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5. After intraci sternal injection, we were able to demonstrate a transient locm 
inflammatory reaction, with an increase of the blood-brain barrier permeability 

Inctina Ipcc thrm n wppV NTpiirnnnthnlnairnl cianc nf inflnmnrmtinn nrp hmx/pvpr 

IWiULlllU J.\/ULr l-AAM-AA V* V V W W A^_ * A, 1 V WJ. V k/WUlVl V UlVWl UXt»UU Vi 11111U111111WUV11 ViJ. Vl 1.J.V H V T V^A 

absent. 

6. Intraci sternal injection can be repeated, but, in our experience, at least 5 d apart 

7. Although liquoral circulation goes from the choroid plexi, where it is produced 
to the cauda, the intracisternal injection will transiently revert the flux direction 
allowing viral vector particles to reach the whole ventricular system. 

8. Usually, several cotton swabs have to be used in order to tear muscles apart and 
wipe the blood until it stops. Because avoiding blood contamination is a crucial 
issue, be very careful in this step. 



y. a oiooa vessel runs exacuy aiong me mianne oi me aura maier aoove me cisierna 
magna, insertion ui me g±aa» syringe ax me micuine wm 
invariably, in a blood contamination of the CSF sample. 



magna, insertion ui me g±aa» syringe ax mt micuine wm uititiuit itsun, amiusi 
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In Vitro Regulation of Colony Stimulating 
Factor-Mediated Hematopoiesis in Healthy 
Individuals and Patients with Different Types 
of Myeloproliferative Disease 

Thomas Vraetz, Peter D. Emanuel, and Charlotte M. Niemeyer 



1. Introduction 
1.1. Hematopoiesis 

Human hematopoiesis is initiated by hematopoietic stem cells, the most 
undifferentiated cell type in the bone marrow. Although hematopoietic stem 
cells are not yet fully identified, their function is well characterized. They 
are able to replicate by cell division producing daughter cells with identical 
properties (self-renewal), differentiate into all myeloid and lymphoid cell 
lineages, and have a long life-span. 

Hematopoiesis is organized in a hierarchical manner. Undifferentiated cells 
proliferate and thereby differentiate into more mature cells with reduced 
differentiation capacity. Pluripotent stem cells differentiate into progenitor 
cells, which have lost the capacity of self- renewal. Progenitor cells themselves 
give rise to precursor cells, which can be recognized by their morphology. 
Immature precursor cells have a high proliferative potential, whereas more 
mature precursor cells have lost the property of cell division and, instead, 
mature to fully determined peripheral blood cells (1). 

Assays for progenitor cells have first been described by in 1965 by Pluznik 
and Sachs (2) and in 1966 by Metcalf and Bradley (3). When mononuclear 
cells (MNC) of blood or marrow are cultured with growth factors in semisolid 
media like methylcellulose or agar, progenitor cells will proliferate and form 
colonies of mature blood cells. The various colonies formed are identified by 
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Fig. 1 . Schematic illustration of differentiation and maturation of human hemato- 
poietic cells. After differentiation of the pluripotent stem cell, multipotent myeloid 
and lymphoid progenitors develop, and they subsequently give rise to precursor cells. 
The progenitor cells can be assigned by their colonies formed; therefore, they are 
named as CFU or BFU. The specific differentiation process influenced by growth 
factors are indicated. 



their characteristic appearance when studied with an inverted microscope or by 
morphology of single cells plugged from the colony. Because one progenitor 
cell was shown to give rise to one colony, the progenitor cell can be referred 
to as colony -forming unit (CFU). CFU-GEMM are multipotential progenitors 
giving rise to mixed colonies with granulocytes, erythroid cells, monocytes, 
and megakaryocytes (see Fig. 1). CFU-GM are more mature progenitors 
still capable of differentiating into either the granulocytic or macrophage 
lineage, whereas CFU-G give rise to granulocyte colonies only, and CFU-M to 
macrophage colonies only. Cells derived from immature erythroid progenitors 
grow in grouped colonies of bright red hemoglobinized nucleated erythrocytes, 
so-called bursts. The progenitors, therefore, have been named burst-forming- 
units erythroid (BFU-E), In contrast, more mature erythroid progenitors, 
CFU-E, proliferate into much smaller colonies without a burst appearance. 
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Proliferation and differentiation of normal progenitors in culture is dependent 
on the addition of growth factors, also named colony stimulating factors 
(CSFs). Historically, media conditioned by mononuclear blood cells or tumor 
cell lines were utilized as a source of CSFs. In the 1980s, CSFs were purified 

— j , T — : -c„„^-„_„ .iV~ M i~t-i~ /t^t^^\ i .^ i /^ct7 

aiiu vaiiuus ittuLuit) iiKC ciy uiiupuicLin ^cruj, gitiiiiiiuuyLC— iimuiupiiiigc L^r 

(GM-CSF), granulocyte CSF (G-CSF), marcrophage CSF (M-CSF), and 



iinciicujsjii-j ^ii^-j^ wcic uluii^u. ouudC4uciiuy, stem ucii lautui ^ov^ij anu 

thrombopoietin (TPO) became known. In concert with other cytokines, SCF, 

aj^-j, anu vjivi-\^oi civl un s^an^ iic;i±iaiAjpuic;u.c piug^iinuid, wucicaa vj-v_,oi, 

M-CSF, TPO, and EPO are more lineage-specific {see Fig. 1). 

I — I z^-*~v\ <-i ■f-y^-f-^rf^n £±i--t /~* m*riTT T^-l^ To/if n-fn 4-^1-**^ +■*-** *~v rlnoa/i Utj n i--** /~i-t~v-i ri I oqI I n s-\-f -fr*v\ nf lira 

j.AuiiiaLvjjj^i^tiC/ givjwLii latiuia ait jjivjuu^^u u}' dtiwinai u^na vi iiiaiuiu 

UIW^U- ^V^1±J. IVX^Jt \JL Lll^lll U111U. \.\J V^Ytia^^llUlCll U^a±1CU11l3 yji. LllV^ll l3J_/V^^±11^ n^^v^p - 

tors, thereby initiating a signaling cascade. Intracellular second messengers 

fronrnn^a i"Vi <2k cirtnol intn i"Vii2» nnnlaiip it 7r\ ara cnamTi^ rranac an/irv/iinrr TAr 
LiailOUUV/^/ L11C OlgllClA AA1LV7 111^/ HUHUUiJ, VVllUt Oj_/^^llH*/ g,^llV^O V^Al^V/taAllg, A^A 

proliferation or differentiation are activated. These signaling pathways are 

W11UV11VU L^Y t-l V^WAAAL/AV^^V JJJlVlll V/-L 111111UH.W1L) t-l±A\J. VAAAACAAAV^V^A O CIO lJ W^AtH-V^VA VV 1U1 

the intracellular signal transducing proteins. 

Tn \7-ttm r»ii1l"iiT"i=k c\^ct<^mc r"^rt V\(± noi^rl frir tV\c* /mucin tii-ir»ai~i r\n r\f 1iAmQl"f\nAipti^ 

AAA HUV V/U11U1V JJOlVylllL) V^IAAA L/V^ UJV^U A WA U1V U UUllllll VUHV11 KJ± llVlllUlUL/VlVtlV 

progenitor cells, when it is useful to know the frequency of repopulating cells, 

ciir«V» qc in crrdftc fr\r ct^m n^ll trQncr\1cintQtinn Tn ^Hrlition thf^w mnv K^ n^lnrul 

Otl-V/AA K4VJ AAA &1 Ul Ij J-V^J- U IV111 VV11 U U11U U1U111UUV11. AAA UUUll-lVll^ U1VJ AAAn\ U V 11V1U1W1 

for studying the pathogenesis of various blood diseases. In some diseases, 

I.Vp anlnctir 1 anpmifi thp freniienrv of f^lnTTc ic rpHiir-Frl wlipmac in Qnmp 
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npnnlnctin Hic^acpc r^TnTT-rlprivprl rnlnnipQ firp rrmrVprNv inrrpncpH Tn Qnprifl- 

cally considering the myeloproliferative disorders, the knowledge about 

hpmntnnnipsis anH its rpcrnlatinn ran hp iispH tn pharaptpriyp thp nriain nf thp 
— aaa 1 ^^^ ^^ ^„ „^ ^^ — ^^ ^^ — ^^ — ^ ^^^^ ^^^^^^^ ^^ „ 

proliferating cells and to study which CFUs may play a role in the pathogenesis. 
In addition, nro^enitor assavs can facilitate the diagnosis of hematopoietic 
disorders. 

7.2. Myeloproliferative Disorders 

Chronic mvelonroliferative disorders are clonal diseases generallv arising 
from a defective stem or early progenitor cell. They are characterized by an 
overwhelming oroduction of differentiated and undifferentiated nonlvmohoid 

l~> A <J A 

cells with excessive cell numbers in the Deriuheral blood. In traditional clas- 
sification schemes, myeloproliferative disorders included chronic myelogenous 
leukemia (CMIA polycythemia vera (TV), and essential thrombocvthemia 
(ET) (4). Each of these diseases has a characteristic overproduction of cells of 
one or more hematopoietic cell lineages with often observed transformations 
into acute leukemia. The recent WHO classification added additional diseases 
to this myeloproliferative category. 
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In addition to the above group of chronic myeloproliferative disorders, there 
are diseases that have been placed by the recent WHO classification in a new 
category oi uisoruers with myeiouyspiastic anu myeloproliterative features. 
This class of hematopoietic malignancies includes juvenile myelomonocytic 

icu^cmia (jivnviij), a unique uifsuiuci ui cany uiinuiiuuu, uiiiuuiu inyciuinuiiu- 

cytic leukemia, and atypical CML. 

v^iunai iii^ciupiuinciauvQ ulsuiuQis nave lu uc uiMinguiaiicu nuin iiunwiuiiai 

disorders with primary or secondary overproduction of mature blood cells. 

wnc; auvii ^Aaiiipi^ ia liic; uiauiiv^uun u^lw^^ii piiinai^ ^i^uiiuc^y tuaia, wni^ii 

can be noted in patients with congenital defects in the EPO signal transduction 

patiiwav, vuauB av^^wiiu-aij v^i V tmw^j u^aia wauatu uv apuiAVjua j^x w pnju.u^Lnjn 

1.2. 1. Chronic Myelogenous Leukemia 

Chronic myelogenous leukemia has an incidence of 1 to 1.5 cases per 

1 flfl (Will A 1i-|~»r\ii rrli i-r»£* tiannlncio r»o-r» oTTor»i" oil orro rr-r/'Mi -r\o it - ic mr-\ct rvfton 

diagnosed in older individuals. The clinical course of CML is typically divided 
accelerated phase with increased myeloid proliferation, lasting approx 6-18 mo, 

qtiH f^^\ q fincil Klcict r\ViQC(=k P'YriiKiti-nrr c\7mr\tr\mc Q-nrl q rriiirc^ cimilcir tr\ Qr'iit^ 

leukemia. 

TTip 1 initial nVirrknir' nhacp ic r\\5\rc\rXp>r\ r 7FLf\ V\\j m\jfAc\\r\ Ti\^np t mlQci?i qtiH 
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IpuVorvtncic \x/i tVi Vipm^tnnniptir' nrpnircnrQ anH m^turp rpllc in nprinhprnl 

A^ lilVV ^ T VV^ UXU V T A VAA llVlllCitV' |_^ V-» A '^^ UV |_/ A ^^ Wt-A U \/X U illlVi llltitU-1 '^^ '^^ VJ.XU AAA |_/ W 1 i A k/llVX C( A 

blood. Basophilia can be recognized in many cases. In contrast to acute 
leukemia the excessivelv rvmHupprl mveloid nrecursors nrp nhlp tn differenti- 
ate into functional granulocytes. About half of the patients are diagnosed 
incidentally hv a routine blood test. The accelerated ^hase can be viewed 
as a transitional period between the chronic and blast phases, during which 
there is an increase in the total white blood cell count as well as blast count, 
development of anemia and worsening splenomegaly, and worsening clinical 
symptoms. In two-thirds of all cases of CML, the disease terminates in a blast 
phase with a progressive fatal course of acute leukemia. 

Chronic mvelo^enous leukemia is characterized bv a recinrocal translocation 
between the lon2 arms of chromosomes 9 and 22. The resulting shortened 
chromosome 22 can be detected cytogenetically and has been named Philadel- 
phia chromosome (Th\ The Ph translocation fuses the bcr fbreakooint cluster 
region) gene on chromosome 22 and the c-abl proto-oncogene on chromosome 
9. The new sene, bcr-abL a cvtoolasmic tvrosine kinase, is trans criDtionally 
controlled by the bcr promoter, is constitutively active, and phosphorylates 
several substrates responsible for cell growth, differentiation, and apoptosis. 
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Whereas the Ph chromosome can be demonstrated by standard banding 
cytogenetics, bcr-abl can be detected with high sensitivity by techniques such 
as fluorescent in situ hybridization (FISH) or reverse transcriptase— polymerase 
chain reaction (RT-PCR). These techniques are useful tools for diagnosis and 

1 * * i /** 1 1 * i i * ii * /** * * i * i ii* 

ciinicai rollow-up, inciuuing tue uetection oi minimal residual uisease. 

In in vitro culture, CML mononuclear cells from peripheral blood or bone 
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inaiiuw miuw a iiigii piuin^iauvc potential, nils inwicaa^u iiuiiiuqi ui v_.i u- 

derived colonies is the result of a high number of CD34+ cells in the CML 

uvnc; inaiiuw anu uiuuu. xnc; 111 viliv pivin^iauvii anu um^ic;iiLiaLivii ui 

CML progenitor cells is, however, dependent on supplemented growth factors 

14V/3. C/^f TT Q. TT /^ n-f rV\/l PCC T« /^A/TT -na.'i+\*a.-f rrfm-n+X^ £nfT.i-n-f i«rlfl«a«rlanf 

pi^iixv^ianv^ii 11UI i±j pv^isv^iioiu. vil)' hj 31110.11 aiii^unt^ ^x giv^vvtn lacLuio lias uv^i^n 



described. 

7.2.2. Polycythemia Vera 



1. Ul V V V U1C/1111U VV^lCl J.l3 till UtUUlH/U llUlliaLUL/Wl^UV OlVlll ^Vll VJ-1 ^1 VJ-V^l Willi 

clonal expansion of erythroid, myeloid, and megakaryocyte lineages. It is 

thi^ mnct r»r\mmr\r» rvrimar\/ nn1\^\ftlipmiQ \nnth a m^rliQti cirrpk Qt rliorrnr\cic r\"F 

L11U 111UJI V/V/111111U11 L/lllllUlV L/Vl j V V L11V1111U} VV 1U1 Ct 111VU1U11 CtSiV^ 111. V_HCtCillV^L)lLj V^X 

60 yr. A familial incidence and appearance in childhood have been reported. 

T'Vip' nrprlnminQnt f^Qtnri^ r\f thic Hicpqcp ic inr>rpQCPrl r^H r^^ll nrrvrlii^Hnn 

J.11V L/l VUU111111U111 XV^H,l,tXXV^ V± till L_J U1JVUJV ID 111V1VUJVU 1VU V/V^XX L/l V/VI-UVUVlli 

Erythrocytosis with high hematocrit results in a hyperviscosity syndrome 

^ccnrisitpH with thrnmhntir' rvr hlppHincr pnicr\Hpc f^linirQlW hpn^trkcnlprirk- 
mpaalv nlpfVinrn F'rvthrnmpl^lai^ finrl nrnritiiQ firp nftpn nrpQpnt Tn tV»p lafpr 

lllVwLil y • L/lVlllVlii* ^a t Ull V/lllvlUlwlUi miiv* L/lUllLUO Cil v vl kvll k/A vuviivt a.aa tllv Ititvl 

"spent" phase, ineffective erythropoiesis, marrow fibrosis, and extramedullar 

hprrmtrvnnipQi<; ApxipAcvti Eventuallv trnnQfnrmntinn into nnitp leukemia mav 

occur. 

Tn in vitro nrnaenitnr culture SVStems. MNfs of narients with PV aive risp to 

an increased number of erythroid, myeloid, and mixed colonies (5). In addition, 
PV ervthroid nro^enitors show the abilitv to form BFLT-E- and CFU-E-derived 
colonies in the absence from EPO {6,7). These so-called "endogenous erythroid 
colonies" have first been described in serum-containing culture systems (5,8), 
Results with serum-deprived culture methods are conflicting with respect to 
hvnersensitivitv for EPO or true EPO indenendence (9-11). Nevertheless, the 

j i -------- j - - r \ / " 

formation of these endogenous ervthroid colonies is the hallmark of PV. and in 
vitro cultures with/without EPO are important diagnostic tools to differentiate 
PV from others forms of ervthrocvtosis. In addition to EPO. hvoersensitivity 
of PV erythroid progenitors toward other growth factors like insulin-like growth 
factor- 1 (IGF-1) has been described (12). It seems likelv that a final common 
signaling pathway is involved in the hypersensitivity for the various cytokines. 
The molecular pathogenesis of PV still needs to be elucidated. 
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Essential thrombocythemia is characterized by an autonomous acceleration 
of clonal thrombopoiesis. ET is a rare disease, generally affecting adults older 
than 50 yr of age. The clinical features consist of thrombocytosis (>600,000 
platelets/^iL) with dysfunctional platelets resulting in thromboembolic compli- 
cations and a hemorrhagic diathesis. There is an increased proliferation of 
megakaryocytes (MK), giving rise to platelets with abnormal structure and 
an intrinsic hypersensitivity for excessive activation and aggregation. With 
subsequent endothelial damage, microvascular circulation disturbances and 
occlusion may lead to transient ischemic attacks, acute cardiac symptoms, 
or venous thromboses. 

The pathogenesis of ET is not elucidated yet. Several investigators noted 
spontaneous growth of CFU-Mega-derived colonies in different serum-contain- 
ing in vitro culture systems. Molecular analysis of thrombopoiesis-stimulating 
factors showed aberrant facts that may be involved in the phenomenon. As in 
the pathogenesis of PV, it is likely that ET is caused by an intrinsic stimulation 
of proliferation signals in progenitor cells. There is currently no evidence for 
paracrine stimulation, overexpression, or mutation of thrombopoietin or its 
receptor (13). In some instances, endogenous erythroid colony formation 
has been described in patients diagnosed of ET (14). These patients have 
been shown, however, to develop a PV (15,16), suggesting that the presence 
of endogenous formation of red cell colonies in such patients indicates the 
diagnosis of PV. Hypersensitivity of ET progenitor cells to TPO has been 
described recently, but, as with PV, the molecular pathogenesis of ET still 
needs to be further elucidated (17). 

1.2.4. Juvenile Mvelnmnnnnvtin Leukemia 
. — .. — — — — j — .._. — j — — . — 

Juvenile Myelomonocytic Leukemia is a clonal myeloproliferative disorder 
of early childhood (18,19). The disease is characterized by leukocytosis 
with monocytosis, the presence of immature hematopoietic precursor cells 
in the peripheral blood, and leukemic infiltration of various organs. Massive 
hepatosplenomegaly and pulmonary infiltrates rapidly lead to death unless 
stem ceil transplantation is performed. 

In in vitro culture, two interesting observations can be made. First, JMML 
myeloid progenitor cells exhibit so-called "spontaneous growth" of CFU-GM. 
This colony formation is dependent on growth factors secreted by leukemic 
monocytes in a paracrine fashion. Adherence depletion of monocytes before 
culture abrogates spontaneous growth. Second, myeloid progenitor cells show 
hypersensitivity for hematopoietic growth factors like GM-CSF (20) and SCF 
(21). These growth characteristics can be utilized as a diagnostic tool. When 
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isolated MNCs from JMML patients are incubated with various amounts of 
GM-CSF, the GM-CSF dose-response curve of JMML myeloid progenitor cells 

* -I /** i * /** ill t "ll** * * 1 11 

is ieit sniiteu compareu to controls. In auuition, in some patients abnormally 
huge BFU-E-derived colonies are noted. Clonality studies have confirmed 

+t,„+ ta ta /tt j~„:, t ~„ -c. „ „i i :~:„ „-c^/u„ „i : *. +. „+. „~n — j j-t,„^ 

LlliU JlVllVll^ UtllVCS) 11U111 <X UlUllill Ullglll Ul L11C pillllJJULtllL S>Ltlll UC11 illlU LlliU 

the erythroid lineage is unequivocally involved in the JMML clonal process. 

rurtner, JlVllVll^ UlU-L, CUC Cll^U iryp^lSQllMUVC LU VJlVl-V^Ol' [<6VJ. 

The molecular mechanisms involved in the pathogenesis of JMML are 
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nut Lutein^ ciaiin^u ^y^L, uui uic; u^lch^liuii ui aunui manuka anu iiiuLauuna ill 

the GM-CSF signaling pathway support the importance of GM-CSF in the 

paLinjg^nuaia vji liiv^ uistaat. oigiiai Liaiiau-u^tujn kji vjivi-v^oi iiwiii liil v^un 
ouiicia^^ \.\j unv^ iiu^±v^Ul3 111 manual ^v^na hivwivv^lS at i^ast tvvw uiaunv/i patuvva^j. 

the activation of the Jak-STAT pathway and the Ras signaling pathway (see 

Ftft r\ \4amnaro /~*T t~ r\ m D o o Tomili( /"v~t~ pifftinlinrv rw /~\i~ mi -n o ramilota i^icil 1 ■ i 1 ot" 
lg* ^y. 1Y1H11UHO Ul tllV^ AVCIO ACllllllJ V/A OlgllClllllg, piULHHO AV^gllltH-V^ V^HlUlttl 

proliferation by cycling between an active guanosin triphosphate (GTP) -bound 

ctotp fT? oc_ / ~i , T'T5^ onrl or» inQptn^A mionncmp HmnrvcnnotA f'T? cio_ / ~l-l - ~'lT5 N \_r\/-\iiT-iH 

JI.UI.V ^IVUJ VJ A A } fcl±A\J. Cl±A 111WV H V ^ g, WCIAAV J111V \J.A k/JAV^ J L/llWlV' ^AVUJ V_J A^A ^ UUU11U 

state. a^AS gene point mutations causing constitutively high Ras-GTP levels 

W V^L V_/ HV/lVy\J 111 U.IJ l-vy -^^y /C V^X JlTliriU IJLII.J.V_/AAI.iJ I -^-^/ / . 111V V/V11YV1J1W11 11U111 1\UJ \J ±- A 

to the Ras-GDP is facilitated by GTP-ase-activating proteins (GAP), which act 

qc r\f±cfxt\\7(± n^oiilntrvrc Hnp ciir«V» HAP ic npnrnfihrnmin tln^ r\rr\t(^in (±r\rT\r[{±r\ 

W,U 11WCU11 T V^ IVtUlWlUlOi \711V Utl-V/ii X_J i AA AU IIVUI VllUl Ullllllj HIV UlVlVlll V11WWVVI 

by the gene for neurofibromatosis (NF1). About 15% of children with JMML 

W- CIA X t viiv vlllll vmx \aj.mwiiv uiu v/a j. t X -i- I -i. v^ / • -Lii CIVJ-VI--L L-J. v/ll» J. t -i J- lllCiV vi t wi. vh j. w, wvnv 

mut^tinnc Vi^vf 1 hppn detected in TATTA/lT nnhFTitQ in thp ahcprirp of thp r-linir-^l 

iiivtVMViviiu nwt t ^ *_^ , ^^^aa VJ-^' L-WW V^^VJ- XXX i/lTllTlU L/vtviviiwu XXX LllV WL/uvuvv 'v-'-a- Lllv vniiiVMi 

diagnosis of NF1 (22). The evidence that GM-CSF hypersensitivity in JMML 
i<i Rn^-mpHipitprl is rvmviHpH hv exoeriments with homozvsous mice lacking 
the A//7 gene. Hematopoietic cells of these Nfl-I- animals are hypersensitive 

to GM-CSF (2d—2fi\ Rv aeneratina mire \A/hn<iP hpmatnnniptir svstpm was 

reconstituted with Nfl-I- hematopoietic stem cells, it could be demonstrated 
that loss of the Nfl gene by itself is sufficient to produce a myeloproliferative 
disease similar to JMML (26). 

1.2.5. Primary Familial Erythrocytosis 

Primary familial erythrocytosis, also named primary familial polycythemia, 
is a disorder typically inherited in an autosomal manner. The major character- 
istics are an elevated red cell mass and hemoglobin concentration in association 
with a low serum level of EPO. MNCs of patients with primary familial 
erythrocytosis form BFU-E-derived colonies in the absence of EPO. The EPO 
hypersensitivity of BFU-Es in in vitro culture differentiates primary familial 
erythrocytosis from all forms of secondary erythrocytosis. In contrast to PV, an 
acquired form of polycythemia, leukemic progression has not been described 
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Fig. 2. GM-CSF-Ras signal transduction pathway. After binding of GM-CSF to 
its receptor (GM-CSF-R), the signal is transduced by two distinct pathways into 
the nucleus: the Jak-STAT and the Ras pathway. Abnormalities in Ras signaling 
were found in many JMML patients. Ras signal transduction is directly linked to 
an association with guanosin triphosphate (GTP). RAS gene point mutations cause 
constitutively active and high Ros-GTP levels and are found in up to 25% of JMML 
patients (21). The conversion of the active Ras complex to inactive GDP-bound Ras 
is facilitated by GTP-ase-activating proteins (GAP). Neurofibromin (NF1) is such a 
GAP. Defective NF1 has been detected in 30% of JMML patients (18,22). Both defects 
potentially may lead to accelerated GM-CSF signal transduction and, therefore, to the 
observed GM-CSF hypersensitivity (20), 



in primary familial erythrocytosis. Although EPO hypersensitivity of erythroid 
progenitors in vitro can be observed in both primary familial erythrocytosis 
and PV, an additional increase in number and size of myeloid colonies would 
suggest PV, 

To understand the molecular mechanism for the EPO hypersensitivity in 
primary familial erythrocytosis, the EPO receptor (EPO-R) was investigated. 
Several authors have described mutations in the EPO-R, leading to a truncation 
of the EPO-R cytoplasmic carboxyl terminal end. The truncated EPO-R lacks 
the negative regulation through the SHP-1 phosphatase, which normally 
dephosphorylates Jak-2, the transducer of the proliferative signal to the nucleus. 
In other families with primary familial erythrocytosis, the EPO-R gene was 
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intact, suggesting that other components of the EPO-R signaling pathway 
might be responsible for the EPO hypersensitivity (27-29). 

. Materials 

1. Iscolve's modified Dulbecco's medium (IMDM), stored at 4°C. 

2. Phosphate-buffered saline (PBS) w/o magnesium and calcium. 

3. Ficoll-Paque™ (Pharmacia Biotech). 

4. Fetal calf serum (FCS), mycoplasma tested, complement inactivated, stored 

5. Methylcellulose culture mix (see Subheading 3.1.1.), stored at -20°C. 

6. Cytokines like recombinant human GM-CSF, EPO, IL-lp, IL-3, IL-6, SCR 
and G-CSF. 

7. 50-mL and 14-mL test tubes with round bottom (e.g., Falcon). 

8. Tissue culture dishes (33- and 100-mm tissue culture dishes, 24-well tissue 
culture plates). 

3. Methods 

3. 1. Progenitor Cell Assay in Methylcellulose Culture Media 

In this assay, methylcellulose is used as a gelling agent to produce a semisolid 

ni^uiuiii aiiuwiiig me; piug^ny ui unc; piug^iiiiAJi C/^n lu stay lu^c;lii^i ana uc 

recognized as one colony. Compared to other semisolid support media like 

TTTM1 la flfl I I rill ATT 71 tl rt s-\-i-\4--t -fr*V\ r~l I rrfATT 7^" l^\ ^4T -fV\ 1 r^l rf~H /"J rtA I y~\-f* -t d n I l"i TTAVAtltl otl /^*^ r^\T 

wiiii^ atin anvjwiiig vjjjLiinai givjwtn ui inj^njiia ^vjivjuiua. i-/iiii^n^iitiati^ii vji 

myeloid colonies into colonies of granulocytes, monocytes, or mixed colonies 

XV^XX^O, IIV^YV^VV^X, VJ1L LxlV^ OXVXXXV^U VX^VV KJi L11C V^AJJV^A1V^11^V^\J- WUO^XVV^X HXLV/UgXl Clll 

inverted microscope. For staining of cells, colonies have to be picked from 

tnp -m <=kt n \ 7 1 r» <=u I n lr\cp mA/iiQ onrl r»\/tr\ct-\i-n nrAnorohnnc nQirp tr\ r\<=i r\rf±innr£±r\ Tn 

UIXV^ XXXV^CXxV XV^V^XXIXXV^lJV^ XXXV^VXXCX WXXVA W V IVJL/lll L/X V^ I-/ IAX «-H.XWXXlJ XXCl V V/ \.KJ Lj"V^ L/X V^ VJ tlX V^VA. XXX 

contrast, colonies in an agar-based system can be stained. 

3. 1. 1. Preparation of Methylcellulose Culture Media 

It is less expensive but more troublesome to prepare one's own methylcel- 
lulose culture media, (see Note 1). The following gives a recipe for making 
methylcellulose and preparing a culture media with 0.9% methylcellulose, 
JU7o r^LJS, 17c Dovme serum aioumm (tssA), ana tu ^ m |3-mercaptoetnanol. 
Preparation of a stock of 2.7% methylcellulose: 

1 . Weigh out 27 g methylcellulose (e.g., from Gibco) in a 2-L flask. 

2. Add a large magnetic stirring bar; autoclave for 30 min and dry. 

3. When the flask is cool, add 490 mL sterile double distilled H 2 0. 

4. Boil for several minutes while stirring. 
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5. Let cool on hot plate to room temperature while stirring all the time (takes about 
3 h). Stir until smooth. 

6 AHH ZLQO mT ctPrilp 9V TMnM Q7 & o TMHM -u 1 1 A a MnHm. fnr ^00 mT ^ 

and 10 mL penicillin-streptomycin (100X). 

7. Stir in cold room overnight. Aliquot in 50-mL tubes and store at -20°C. Leave 
one tube in the incubator for 2 wk to test for sterility. 

8. Preparation of 24 mL methylcellulose culture mix: Add the following to a 
50-mL tube: 10 mL of 2.7% methylcellulose (let drip in tube, do not attempt to 
use pipet), 9.0 mL of FCS, 2.0 mL of IMDM with p-mercaptoethanol (30 mL 
IMDM + 5 fxL p-mercaptoethanol), 2.7 mL BSA, 0.3 mL NaHC0 3 7%. Mix 
by vortexing. 

3.1.2. Preparation of Cells 

Cells for plating in the methylcellulose progenitor assay can be prepared 
by ammonium chloride lysis only (removes erythroid cells only), by density 
gradient separation (to obtain mononuclear cells), or by CD34+ enrichment 
(e.g., with magnetic beads or FACSorting). MNCs are most conveniently 
prepared by Ficoll-Paque density gradient. 

1. For optimal separation, blood (1+1) or bone marrow (1+2) are diluted with 
media like IMDM. 

2. Then, 12.5 mL of the diluted cell suspension is carefully layered over 12 mL 
of Ficoll in a 50-mL tube. 

3. The tube is centrifuged at 400g at 18°C for 40 min. 

4. After careful aspiration of the interphase, MNCs are washed three times with 
20-40 mL of media. 

5. Ceils are subsequently counted after trypan blue staining. 

6. In most instances, the adherence depletion of monocytes is advisable. Adherent 

TYinnAr«i7t(30 ot*o rlot^lotorl \\\t ifir>iiKotinn f^7°f~ 1 ^C£, C^f^\^ Vnimirli fiorl a-it^ frvr 1 9 Vi 

or overnight at a concentration of 1 x 10 7 cells in 10 mL IMDM/2% FCS on a 
100-mm tissue culture dish. Nonadherent MNCs are removed and washed. 

7. For progenitor culture of peripheral blood and bone marrow cells of normal 
donors MNCs are adjusted to 5 x 10 7 /mL and 1 x 10 6 /mL, respectively. With 
the addition of 125 \xh cell suspension to 1 mL of methylcellulose culture mix 
and 125 \xL of growth factors (total volume 125 jaL), the final plating density is 
1 x 10 6 /mL for peripheral blood and 5 x 10 4 /mL for bone marrow MNCs. 

3.1.3. Addition of Growth Factors 

Hematopoietic growth factors can be added in form of conditioned media 
or recombinant cytokines. Commercially available cytokines generally have 
to be diluted in PBS/0. 1% human serum albumin or bovine serum albumin 
to prepare stock solutions that are aliquoted and stored at -20°C to 70°C. 
Repeated freezing and thawing should be avoided. After thawing, the tubes 
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Table 1 

Example of Pipetting Scheme to Test for GM-CSF Hypersensitivity 

in JMML 







GM-CSF 




Media 








Vol. of 


(Vol, added) 


Tube 


Final cone. 


Stock cone. 


stock added 


(|*L) 


1 




— 




125 


2 


10 pg/mL 


0.4 ng/mL 


31.7 


94.2 


3 


20 pg/mL 


0.4 ng/mL 


62.5 


62.5 


4 


40 pg/mL 


0.4 ng/mL 


125 





5 


80 pg/mL 


3.2 ng/mL 


31.7 


94.2 


6 


160 pg/mL 


3.2 ng/mL 


62.5 


62.5 


7 


320 pg/mL 


3.2 ng/mL 


125 





8 


1 ng/mL 


40 ng/mL 


31.7 


94.2 


9 


2 ng/mL 


40 ng/mL 


62.5 


62.5 


10 


4 ng/mL 


40 ng/mL 


125 





11 


8 ng/mL 


80 ng/mL 


125 


125 



Note: Adherence- depleted mononuclear cells of peripheral blood are cultured at a final 
concentration of 5 x 10 5 /mL. In each 15-mL round-bottom tube, 1 mL of methylcellulose culture 
mix and 125 \iL of the cell suspension at 5 x 10 6 /mL are added. GM-CSF and media is added 
according to the pipetting schema. 



should be always kept on ice. In the assay system proposed below, cytokines 
are added in a total volume of 125 |xL for a total volume of 1250 u,L, The 
concentrations of the cytokines have to be adjusted accordingly (see Table 1). 

3, 1.4. Plating and Incubation of Methylcellulose Culture 

1 . One milliliter of prewarmed methylcellulose culture media is pipetted into a 
15-mL round-bottom test tube, 

2. Cells and cytokines in 125 \xh each are added to a total volume of 1250 uL, 

3. A pipetting schema to test for GM-CSF hypersensitivity in JMML is given in 
Table 1. 

4. Tubes are vortexed and allowed to stand for 5-15 min for bubbles to rise to 
the top. 

5. With a 1-mL pipet, 0.5 mL of the culture is pipetted into 2 duplicate wells of a 
sterile 24- well tissue culture plate each. 

6. To guarantee optimal humidity, 4 wells of the 24- well tissue culture plate are 
filled with 0.5 mL of sterile water. 

7. Cultures are incubated at 37°C, 5% C0 2 , in >95% humidified air for 14 d. If 
it is intended to pick colonies, 1 mL of culture can also be placed in a 35-mm 
covered tissue culture dish. 
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Cultures are monitored daily with an inverted microscope. Erythroid, 
granulocyte, monocyte, and mixed colonies are identified by their growth 
characteristics. At d 14 of culture, the number of colonies are counted. Colonies 
with less than 40 cells are neglected. The number of colonies is given per 
10 5 cells plated. 

Individual colonies can be picked from the culture under an inverted 
microscope with an Pasteur glass pipet. Over an open flame, the tip of the 
pipet can be stretched to form a very fine opening. A small amount of media 
is aspirated in the pipet before a colony and the surrounding media is sucked 
up. The aspirated media is then smeared directly on a glass slide or placed in 
an microspin tube to prepare a centrifuge preparation. Pappenheim staining of 
the slide is performed (see Note 2). 

3.2. Progenitor Culture in Agar 

In contrast to methylcellulose-based culture systems, soft agarose culture 
systems predominantly support the growth of granulocyte and monocyte colonies, 
with erythroid and/or CFU-GEMM colonies rarely being seen. This can be 
advantageous in certain circumstances, such as investigating CFU-GM colony 
hypersensitivity to growth factors in JMML, wherein a background of other 
colonies (e.g., BFU-E, CFU-E, CFU-GEMM) may only serve to complicate the 
analysis and enumeration of colonies. In addition to not supporting erythroid 
development, the other primary difference from agar systems is that colonies 
and/or cells cannot be easily plucked from the media. Rather, the entire agarose 
gel must be removed from the tissue culture dish, dried, and then stained. 

o.z.. i . nufjciictuuii ui ouii nyciiusu kjui ciiiu i^u/tu/e? iviuuici 

The culture media to be used is generally prepared in a concentrated state 
(two times normal) and then added 1 : 1 to agarose prepared (at a two times 
normal concentration) in water such that the final concentration is the normal 
working concentration. The following is our recipe for use in evaluating 
hypersensitive CFU-GM colony growth patterns in myeloproliferative diseases. 
Bacto-agar (Difco Labs, Detroit, MI) is mixed in water at 0.6% concentration 
and boiled for 4 min, then kept at 42° C. 

1. The base culture media, McCoy's 5 A (Gibco), is prepared at a two times normal 
concentration. 

1 Tr» tiiqVp 1 flfl ml r»f merlin tx/ith rmtri£»nte th^ -fnU rvix/i n a ctre* nrlrl^rl" f^1 8 mT r»"f 

^^ • IV 111U1VV J. \J \J 111J 4 VX lllVVtJ.ki YYXl^L-1- llUUlVllLUi U1V J.V11V Vf Hlfc. U1V CiV.lV.lVvl ■ V/1<U 111J 4 Vi. 

McCoy's 5A 2X; 1.6 mL minimum essential amino acids solution 50X without 
L-glutamine (Cellgro); 0.8 mL nonessential amino acid solution 100X (Cellgro); 
2.0 mL of 100 ml sodium pyruvate solution (Cellgro); 1.0 mL of 200 mM 
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i^-giuicuiiiiic (iuua) (vjiuuu;, i.u 1111^ ui L-asptiicigiiic nuin a siuuk suiuuuii 
prepared at 2 mg/mL (Gibco); 0.2 mL of L-serine from a stock solution prepared 

c\t R mo/mT ffrihr'nV 1 mT nf npniri 1 lin— ctrpntnTnur-in- ^0 mT HpflnpH Jn"R.^l 

(HyClone). This is a 2X solution and it is warmed to 37°C. 
3. For plating, the 2X McCoy's media with added nutrients (at 37°C) is mixed 
with the 0.6% agar solution (at 42°C) so that the final culture media is IX 
McCoy's in 0.3% agar. After mixing, the cells are then added (generally at a final 
concentration of 5 x 10 4 /mL to 1 xl0 5 /mL), and the mixture is quickly plated 
in 1-mL aliquots into 35 x 10-mm tissue culture dishes. Generally, dishes are 
established in triplicate. 

3.2.2. Preparation of Ceils 

isolation ui MJNCs (*vee suDneaaing J.I.Z.). 10 assess 101 spontaneous 
CFU-GM colony growth, whole MNC preparations from either bone marrow 
or peripheral blood can be combined with media and agar as in Subhead- 
ing 3.2.1. 



-*-^-^ j^» ■*** *"* 



10 aaacdd iui iijpcisciiMLivc giuwui iciviui ic^puiid^d, gCllQltlliy L11C 111U11U- 

cytes must be removed from the MNC prep prior to plating, as these cells are 

i^apunaiui^ iui aiginii^aiiL aiiiuuiita ui v^lujviiic; piuuu^uun uiat cuuiu iiil^ii^ic; 

with the assessment of added growth factors. Especially in JMML, rigorous 

u.v^jji^li^ii vji nnjinjv^ y ita uy piaati^ auiiuiLiiLL iiiu^l uc uuiam^u 111 vjiu-v^i LO 

abolish "spontaneous" CFU-GM colony growth. We have found that for agar- 

uastu a^^cij^, uii^ uv^iat auiinv^ii^^ UCpiCLlUIl lii\^\jlici is ixamvia uaianctu i3a±t 

ci i^l 1 1 <"i i^-n I^Antninitirr ^ol^mm r>nlr\nna mnrvnapnim /^ r»l i^-f-i /^ a o-n/H morvnacmtn 

sulfate) with 13% human AB serum (heat inactivated at 56°C for 30 min, then 

etr\re*r\ tn TVC\7f k X\ Qn/Tinr»te^ A/TAT^c o-r<=» rpcncnptinArl m true mAmo ot o pr\Tippntro_ 

tion of 2 x 10 6 /mL on a 100-mm tissue culture dish. Cells are incubated 

CXn°C^ ^\OJr\ C^C\- liiitni rlifl e*(\ qit*^ "Fr\T* q minimum r\"F OH min TVirAA cii^ppccn^A 
\^y / x_ ' , ^y /\j ■v_^v^j, iiuiiiiuiiivvt m.x / iui n- iiij.iiiiiAu.iii ui ^/ vy 111111. nuww ju^/wjji w 

depletions are performed (one of the incubations can be an overnight incuba- 

tinn^ Tt is imnnrtant that thp tissup niltnrp Hicn^c qtp not c\s7ir1(^rl cw ritn^r^/ic^ 

manipulated. Simply tilt gently, aspirate the liquid, and plate onto a new 
100-mm tissue culture dish and then reincubate. 

3.2.3. Addition of Growth Factors or Other Additives 
to Agar-Based Systems 

Hematopoietic growth factors (obtained and prepared as in Subheading 
3.1.3.) can be added to agar culture in one of two wavs. Prior to establishment 
of 1-mL agar cultures, small aliquots (e.g., 10 ^iL) can be placed into the 
bottom of the dish before the agar/nutrient media is plated. Alternatively, 
aliquots (generally 100 \\L) can be uniformly spread over the agar surface after 
it has gelled to a semisolid state. The cytokine will diffuse down through the 
agar. Other agents can also be added in similar fashion. 
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Similar to the scheme depicted in Table 1, assessment of GM-CSF hypersen- 
sitivity in an agar-based system will include the following GM-CSF concentra- 

4-1 rv a m / t rv rvi / t a n/i / t a no / t n 1 /r / t 

UU11S. U, U.U1 Ilg/1111^ U.UZ llg/ULU, U.UH- llg/illl^, U.UO llg/illl^, U.1U llg/illl^, 

0.32 ng/mL, and 2.0 ng/mL agar cultures. A range of standard GM-CSF respon- 

„:,, „„ £, i i +. :~4-i~ „„ii„ „,:n j +„ i~~ ~„+„i-i:„u~ j /rn\ 

MVtllCS>5> 1IU111 llUllllitl llCllliUUJJUlCLlU UCllJS Will 11CCU LU UC CSUIU11M1CU (J^/. 

3 A F\/ah izitinn nf dnlnniao 

Colonies are enumerated in agar as in Subheading 3.1.5. To remove agar 
from plates in order to perform staining, the entire tissue culture plate is 
carefully immersed in water to loosen the agar from the plate so that it will 
float freely. The loosened 1-mL agar button is then floated onto a large glass 
slide, carefully removed from the water, excess water drawn off by touching 
the agar edges with paper, and then the agar is allowed to dry onto the glass 
side prior to staining with the desired stain {see Notes 3-5). 

4. Notes 

1. Methylcellulose culture media as serum-containing or serum-deprived ready-to- 
use mix can be purchased from different companies. In some media preparations, 
growth factors are already added. For the purpose of the experiments described 
here, we suggest purchasing a serum-deprived media without the addition of 
colony stimulating factors. We currently use MethoCult™ SF BIT H436, a serum- 
deprived media from StemCeii Technologies (www.stemceii.com). 

Z. ^.uiuiiy luiincuiuii in uic incuiYi^ciiuiu&c aasa) ^aii casnv uc uisiuiucu. i aiiuic ui 

growth is most often the result of the presence of toxic substances in the double 
distilled water used to prepare the different media. To establish the assav it mav 
be advisable to use commercially available tissue-culture-tested methylcellulose 
mix and media. To prepare the culture media oneself, different batches of 
methylcellulose and serum have to be screened for optimal growth. The incubator 
has to be maintained at a stable C0 2 concentration and humidity. Routine 
cleaning of the incubator is not recommended. If there is bacterial or fungal 
overgrowth, the water used for cleaning should be free of disinfectant. 

3. When preparing the mixture of agar/nutrient media/cells, it is very important that 
the cells be added last and that the mixture be close to 37°C before the cells are 
added. However, the agar will soon start to gel below this temperature, so plating 

iiiuoi uv^ uuiiv wiiiv/iviiuj. a iiui ikj piavnig iiiuu uiv^ mvuuaiui, n 10 owiiiv^niii^d 

helpful to put the dishes at 4°C for 10 min to ensure that the agar is completely 
gelled. Contrary to the methylcellulose, the cells will not grow well in agar that 
is not sufficiently semisolid. 

4. Tissue culture water (used in media and agar preparation) and FBS can both 
drastically affect cultures and their reproducibility. It is advisable to use the 
purest water obtainable. FBS lots should be carefully screened and not routinely 
interchanged. 
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c t~ a r 4.^ ^, *. 4.u^ oc .. in 4.:~~ — n j:„i 4.„:^:^~ ±u~ 1 t 

J. Ill UlUCi IV JJiCVClll L11C JJ X 1U-111111 USSUC UU11U1C U1S11CS UUlllClllllllg L11C 1-111L- 

agar cultures from drying out during the 14-d incubation for CFU-GM colony 

arnwth it ic nrlvicnhlp tn nlnr-p ciy nf thp Hichpc intn c\ 1^0 v 9^-mm ticcup 

fcfcX V TT l-J-J-B At 1U ViVf T 1 U V* KJ 1 V tV L/1.MVV Ul./i. Vi t^lW ^* A U J. J. V^ LJ llltV V* J. ■^ V_/ ^X ^rf «^- 111111 I.J.UUU-V 

culture dish, and then place an additional 35 x 10-mm dish in the center with the 
top off and fill that additional dish with water for humidity. The 150 x 25-mm 
dishes should not be stacked in the incubator, but rather each allowed to lay 
flat on the rack. 
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In Vitro Generation of Dendritic Cells from Cord 
Blood CD34+ Hematopoietic Progenitors Cells 

Bruno Canque, Michele Rosenzwajg, and Jean Claude Gluckman 



1. Introduction 

This review deals with the principles and methods used to generate dendritic 
cells (DCs) from cord blood CD34 + hematopoietic progenitors cells (HPC). 
Inasmuch as this culture system does not raise any particular technical dif- 
ficulty, we will first thoroughly expose the principal characteristics of this 
method and discuss its advantages and limitations as compared with the other 
methods currently used to differentiate DCs in vitro, with particular emphasis 
on monocyte-derived DCs (MDDCs). We will then discuss the influence 
of CD34 + HPC origin (cord blood, bone marrow, thymus) and phenotype 
(pluripotent primitive HPC vs lymphoid- or myeloid-committed HPCs) on 
DC differentiation pathways. We will finally present the protocol used in our 
laboratory to generate DCs from cord blood CD34+ HPCs, as adapted from the 
original method developed by Caux et al. (7) and optimized for the analysis of 
DC developmental pathways (2-7), Serum-free culture conditions required for 
the generation of DCs for therapeutical use will not be discussed here. 

It is now widely recognized that DCs are the major antigen-presenting cells 
(APCs) to T-lymphocytes, which not only initiate but also control cellular 
immune responses (for review, see reL 8). Depending on their origin and 
activation conditions, DCs have the ability to drive T-helper-cells toward either 
a T H 1 or T H 2 cytokine production profile, or induce differentiation of CCR7 + 
central memory T-lymphocytes (9—11). In vivo, DCs display an astonishing 
diversity because no fewer than nine populations have been reported in humans. 
This includes Langerhans cells (LCs) from the epidermis and mucosae; dermal 
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and submucosal interstitial DCs; marginal zone splenic DCs; interdigitated DCs 
from the T areas of lymphoid organs; germinal center DCs (GCDCs); as well 
as DCs in the thymus, liver, and blood. The signification of this heterogeneity 
is still a matter of discussion, but it probably reflects a variety of origins and/or 
uiiierentiation pathways as wen as airrerent activation/ maturation stages, in 
this respect, one may consider that the phenotype of DCs mainly reflects the 

iiiiuiuciiviiuiiiiiciiLai uuiiuiuuiis uicy nave eiieuuiiLcieu uuiing uicii nicuiiic. 

Dendritic cells are characterized by a unique capacity to respond rapidly 



i j^fci-n 



(,l.C, in ^+— O n^ tu a wiuc langc; ui SlimUll ^c;.g., vnusca, iiiiv^iuuiai piuuutta, 

cell-cell interactions, cytokines). Upon a process called activation/maturation, 

lii^j unuuigu an wvtv^iiaivL/ anu. ingiiij ^^wiu-inatv^u. jjni^nvjtjjji^ anu. lun^Livjuai 
ovviiA^ii, m u^iiiii3 kji \±j cintigv^ii LapLaLlUll, pi w^v^d^ing, anu. piv^i3^iii.atiwii cajja^nj, 

(2) actin polymerization and motility, (3) chimiokine-receptor expression 

nnffarn n-n /H mi rrrotrvn 7 t-volriiT 70170 1 /I ^ ■ lnrarml oil /~*n i"vT nncti mi ll otrvri 7 ot-i/~I onnaci /~vn 

j_/cin.v^xii cinia iingxcit^x j j_/cicii vv ci j o, v. -| V UpiCgUlclLlUll ui ^uouinuiaiui j ania ciianv^oi^ii 

molecules, as well as (5) cytokine production profile. From a synthetical 

nmnt r\T ^hau/ r\-n<=k maw r> nn c i A e*r tnot mp^z orp rAf>rmtAn oc 1 m m o ti 1 -r<=i T^fV tr\ 

LJKJ±LH. VI VIVW5 VAAV^ XAAClY W11J1WV1 U1U*. ULAV^V dA V^ H/VlUH-^/U t-lkJ AAAAAAAdl-WA \^ J--' >^-- O K.VJ 

inflammatory foci where they take up antigens and become activated before 

rnirrrQtmrF tn r F_r»<^n Qrpac n-f 1 \Tmr\V\n-tr\ Arrronc 7Vi citu t\^c*\T nnrl<^rrrr\ "Fi-nol 

maturation upon cognate interaction with T-lymphocytes and activate both 

r\r\rY\'^r\T nnH cPT«r\nrlcir\/ r^lliilnr immune rpennnepe 

7.7. //? Wfro Systems for the Differentiation of DCs 

Upon a nr »ro n riate culture conditions, DCs can differentiate from diverse 
progenitors and precursors, ranging from fetal liver CD34 + CD38" primitive 
HPCs to granulocyte-committed precursors and monoevtes from adult blood 
(12-17) and even from leukemia blasts (14,18). Although the physiological 
relevance of these differentiation pathways still remains elusive, this set of 
observations clearly indicates that, upon appropriate stimulation, a wide array 
of cells have the capacity to differentiate into professional APCs, in a manner 
which is at least partly independent of their initial lineage commitment and 
differentiation stage. From a developmental noint of view, this raises the 
question of a unified ontogenic definition of the cell population referred to 
as DCs. the identification of which is most commonlv based on morohologic. 
phenotvDic, and functional criteria, but still awaits Drecise characterization at 
the molecular level. In practice, DCs are generated from two major cell types: 
CD34 + HPCs and monoevtes. When cultured under appropriate conditions, 
both allow for the rapid (in 5-10 d) differentiation of DCs that can be used 
for fundamental and clinical studies. Although these systems display some 
similarities, they are far from being equivalent. When choosing an in vitro 
differentiation system, one must keep in mind that DCs that derive from CD34 + 
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HPCs or monocytes differ in their differentiation pathways, phenotype, and 
function (5-7,19-22). 

From a technical standpoint, monocytes can oe ootaineu in great numbers 
from adult blood; they do not require extensive purification procedures and 
uinerentiate into l/v_.s aiter 4— o u in culture in tue oniy presence oi interleukin 
(IL)-4 and granulocyte-macrophage colony stimulating factor (GM-CSF). For 



I *-*-** ST- S^l 



una reason, iiiuiiuu^i^^ icpic^cin cne system most commonly u^cu iui itngc- 
scale in vitro generation of DCs, known as MDDCs, for clinical trials (for 

leview, sec ici. ^^7^. j. ma system uispiays iwu inajui nitimsAe iniiiiaLiuiia 

that need to be considered: (1) It results in the differentiation of a single 

pvjpuiativ^n vja aw-^aiiv^u. niyuivjiu. L/\^d witu a u.i^iiii^u. piiunvjcypu anu. 1UI1CL10I1 

Qtin 1/1 iininnfiirfl f 111 «-i~rf Fiv < A/l Fllii n nnira o o r\ r^\ rt t~ on £* f"\ 11 C tanrlannir ^-/~k 

anu V-^^ Aiiiniatuiv^ ^a^aci ^a^u^ ivaa^j^v^j nav^ a op^ntaiiv^vjuia LCllU-CllL/j l\j 

dedifferentiate into macrophages and, thus, cannot be maintained in culture 

T r\r m /"vt* <2» <~r-io-n (J 1 I 1 /~l In o /~l /~1 -i t~-i i"vn true i r\ i?itrn III HiTTarantiofmn o \ ro <"<2»r-v-i 

ivi inui ^ tiiciii " — ±\j \jl. ah auuiuun, LlllO 111 V 1 tl U lS\s uiiiv/iv^iiuauun oYot^in 

exhibits only limited flexibility relative to CD34 + HPCs. For example, culturing 

mrmnpiftpc YX/ltn f^-A/T-f'QlH TT _/1 o-nH troncmrminrv rr-rrrtn/tn Tor»tri-r ^T'/^llH N \_l-l 1 

lllVllWl^ V IVO VV AHA VJITI \w/VJl , 1A-/ T, dAAVA UUllOlVlllllllC, tlVYVUl AUVI.U1 y A VJ1 y k-f A , 

leads to DCs that express several LC markers, such as E-cadherin or Lag/ 

T Qurvpnn hut 1ar»V Tiirh(=kr»V rvrarni1<^c ^Tif^ie i ctrtA remain T^r^-QT^M"*" th^ pvnrpc. 

sion of which specifies dermal DCs. Conversely, supplementing cultures of 

r^T^'^zl"'" T-TPf" 1 \x/ith TTtIh.RI IfioHc tr\ Hirf^r^Titicition r\f t\?r»ir«Ql T cicr/T cmrr^rin"'" 

>w^J-^ IJ' I AAA \^ I11U1 A "V_J A kj A , 1VUVIU IV VJ-A A A »^A V A A H »* U VII V^ A t\ L/1VU1 IJUg/ UUHtVUll 

DC-SIGN"BG + LC. Note also that, at variance with MDDCs, immature DCs 

HfrivpH from C^T^^A* t4Pf^Q nrp nhenotVDiCallv Stable anrl r^n hp mnintninFrl 

for iin tn 3 wk in culture Differentiating rif^c frnm C , 'T^ r \A + T4Pf^c k however 
technically more demanding than from monocytes. Indeed, the recent diffusion 
nf commercia] kits based on anti-CD34 monoclona] antibodv (MAbVcoated 
magnetic beads has greatly facilitated the initial purification of HPCs, but 
the maior drawback of this svstem resides in the limited availabilitv of cord 
blood, bone marrow, or granulocyte (G)-CSF-mobilized blood samples. At 
variance with MDDCs, whose differentiation proceeds without mitosis, DCs 
differentiate from HPCs through multiple rounds of cell divisions, which may 

be of interest in the view of usinff them as vehicles for ?ene theranv. The 

c , — c> ± _ j 

second major characteristic of this system is that it allows for the simultane- 
ous differentiation of two DC nonulations (7.24-26) that differ at both the 

A A \ ' f 

phenotvnic and functional levels (5.6.21.22). 

A^ ./A \ ' ' r / 

The first reports describing the experimental conditions for efficient in vitro 
generation of human DCs from HPCs were published indeoendentlv in 1992 

l~J A A t/ 

(1,27). In both reports, DCs were obtained from cord blood CD34 + HPCs upon 
culture in RPMI 1640 medium supplemented with 10% fetal calf serum (FCS) 
in the presence of GM-CSF and tumor necrosis factor (TNF)-a. Multiple 
cvtokines combinations have since been tested in order to optimize DCs 
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recovery from CD34 + HPCs. The work undertaken in our laboratory over the 
last 6 yr has led to the definition of a so-called "standard condition" for DC 
differentiation, based on the association of early-acting factors (stem cell 
factor [SCF] and Flt3 [fetal liver tyrosine kinase 3]-ligand [FL]), which 

±~ i- T r : „-C /^r\T/i+ TTn/^„ j-~ -f — *. „ i„ „™ j-„ :„J r\r^ 

piuniULC cany cajjcuisiuii ui l.l'jh rrrv^s, lu ictULUis> jmuwn lu muuuc u\^ 

differentiation (TNF-a, GM-CSF). However, one has to keep in mind that 

una is an uvciMiiipiiiiuaLiuii, ucL-ausc uuui vjivi-v^oi cuiu liNr-a aisu iiilqiicic 

with early expansion of CD34 + HPCs. Many cytokines (IL-1, IL-3, IL-6, IL-7, 

^i_y uiiupui^Liii [j^rvyj, Liiiuiiiuupui^Liii i iruj; ui t^vc;ii v^iiiiiiiuiviiic;& ^iv^-vin ij^o, 

MIP-la/p) have also been tested in this system, but most failed to increase DC 

n^v^^v^i}' kji vaiapiaj C/U. aii iiiiiiuilvji}' uiiv^^l v^n tnun u-iiiC/i^iiLiatujii. lkjl v^Aainpi^, 
^^inpaiv^u. LU tuv^ isiaiiuaiu v/\jiiu-ili\jii 9 auuiuun v^± xj^-^i at cuiiuil iintiauiwii 

potentiates CD34 + HPC expansion, but results in lower DC percentages (6). 

All ClUUlvlWll, UllO lllV^U^l ^JJ-Op-LCiJ O CI lllg,ll vlV^glv^ UI ll^yVlUllltJ UlClt HV^^iaO IU L/^ 

emphasized. DC differentiation as well as maturation can both be manipulated 

in r\rr\e*r tr\ rtntmn nrtnnlotimic rrr^nt\\T Annp n^H m nt lpoct tnrpp Ti7<=kll _H(=i-rin<=kH 

DC subtypes. Adding IL-4 or IL-1 3 between culture d 5 and 8 leads to the 

rli"Ff<^rpknti oti r\n r\"f liAmAnpnAniicK/ immahirp f^T^ 1 a Dngut^y^g'^— T^^c \K7nir»n 

U111V1V11HUUV/11 V^X HUillUtV/llVUUJlV 1111111UIU1V 'V—'i-' J. U- >_'J--'*J^' i-'V—'iJ, Y» 111V11 

represent up to 80% of the nonadherent cells recovered on d 12. Conversely, 

QrlHincr trim^rir' r^T^AO litTcinrl rCD40T i OT mr\nr4r*\/tf i _r'onrliti nnprl mi^rliiim 

(MCM) instead of IL-4 or IL-13 leads to a mature CDla low CD83 + DC popula- 

tinn that trnncipntlv nHViPTF 1 tn nlactir" CJ ^ ^ 7Ji\ Alcn ac mentioned P^rlipr 
Fif^ Hiffprpnti^tinn ran Tip hincpH tnwiirrl T C Wnpn r-iilturpQ iirp rnnrlnr'tprl 



Xw^" VJ--L A J. ^/i -imf AA W1M WA ^_/ J-A ^^V-*AA *_^ '^^ *_^ A kikJ ^ X^»- IV T T W*A X^#- 



in the continuous presence of TGF-pi in addition to SCF, FL, GM-CSF and 
TNF-a, Lag/Langerin + DC-SIGN"BG + LCs represent >90% of DCs recovered 
after 8 d (29), 

1.2. The Differentiation Pathways of DC from CD34+ HPCs 

Dendritic cell differentiation pathways from CD34 + HPCs are now relativelv 
well characterized. DCs arise from two major populations of CDla + CD14" 
and CDla"CD14 + precursors that differ in manv asnects (5-7.21.22). Binotent 
CDla"CD14 + macrophage/DC precursors express the macrophage-CSF recep- 
tor (M-CSFR/CD115; and stronslv oroliferate in resoonse to M-CSF. which 
also elicits their differentiation into macrophages; thev reauire the continuous 
presence of IL-4, TNF-a, or TGF-pl to unambiguously differentiate into 
either DCs phenotvpicallv close to dermal DC/GCDCs or LCs. At variance 

A mf A. W 

with the former precursors, CDla + CD14" DC precursors do not express 
CD1 15/M-CSFR, which accounts for their lack of differentiation potential into 
macrophages, and they depend on TNF-a for differentiating into DCs. This 
cell population also displays an intrinsically high susceptibility to apoptosis 
(6) and differentiates into CDllb"CDllc + DCs that express LC markers in 
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me aosence ui exogenous lur-pi. we nave snowii uiai CD la CD 14 l;^ 
precursors mainly derive from lymphoid-committed HPCs, whereas their 
Ci^ia CD14 iiumuiugs arc ui myciuiu origin \/,4vj. incsc piiciiuiypie anu 
ontogenic differences between CDla + CD14~ and CDla~CD14 + precursor- 
derived DCs are apparently also relevant at the functional level because, when 
differentiated under the standard culture condition, CDla + CD14" precursor- 

uciivcu i^v^a nave a giQaici wajjauiiy lu Stimulate anugciiciu i-iyiiipnuuy l^& 

than their CDla~CD14 + precursor-derived counterparts in vitro (5), the latter 

i^Lainiiig, nigii^i aiiLigc;ii upiaivc; \^a\ja\^ny \a±j. r-viuiuugn uic;a^ uustivauuiia 

support the hypothesis of an ontogenic control of DC function, one may keep 

in iiiinu. tnai, ax itasi 111 iiuiiiana, tnun 111 vivvj i^n^vaiiv^u ia lai iivjin u^nit; 






^LjiauiiLjn^u. 



A 



'llOll^U.. 

third population of DC precursors of lymphoid origin, plasmacytoid cells, 

V71 pJ-'V^^, 1UH1U11HJ CIO UIV^ pilll^lpCll tjp^ X 111L W 1H U11-JJ1 UUUVlllg H^llO KJ1 tllV^ 

immune system, has been recently described (30,31). These precursors are 

r>nnror>tAri7Arl n\7 nirvn_lA^7Al pvnrAccir\n r\T f" 1 !"^ 1 0^ /TT _^T? otin f»fnrA_Tr , t?_f» l</\ 

and dependence on IL-3 for survival. They also require CD40 ligation or virus 

OL1111U1UHU11 IV/ U111V1V11UULV 1111U i-' >_- \J , 11W» 1V1V11VU l-V^ ttO J-^-V^^lJ litr,*^^*- %J *J I . Ill 

addition to the unique capacity to produce high amounts of type I interferon, 

Fir^9c Hicr*1ci\f cir1rlitir\rm1 ff^dtiir^c tlmt Hictincrui cl» tli^m from C*Y\ 1 v&C^ Y\ 1 A~ cinrl 

J-^ V^-.^LJ UIUL/IWV **VAVAA»-AV^AAW.A AVUVtHV^U U1UV UIO UllL tl. A U1X U1V111 AX V^m >^^J_^' AH '\ w ^_l_^ A ■ HI1U 

CDla~CD14 + precursor-derived DCs. They have an apparently more limited 
canacitv to stimulate allogeneic T-lvmnhocvtes than the former (3A\ r\n not 

nrnHurp IT -1 9 nnrl rpnuirp virnc Qtimiil^tion tn rlriA^p T-hfOr.F'r-l vmnhnpvtpc 

|_/A V-' \>VI-V 'SrnS J^J_^rf A ^^* fc^AAX^f- A ^^ U Will ^ T A A Vl-U kj VA AA A V* A kt VA Vll V^_/ X^»-A A T ^ -A AA^A |_/ WA A T AAA L/1J.\/ '^/ Jf V^ U 

to produce T H 1 cytokines (11,30). pDC2s have recently been differentiated 

in vitro from certain CD^4 + HPC norm lotions nnon niltiirp \A/ith Fl , onlv or 

coculture with the bone marrow murine S 17 stromal cell line (24,25). However, 
whereas culture of CD34 + HPCs with FLs onlv results in delayed and noorlv 
efficient pDC2 differentiation (<5% of cells recovered after 3-4 wk of culture) 
(24), co-culture of fetal liver CD34 + CD38" or thymic CD34 + CDla" HPCs 
with S17 cells, without exogenous growth factors, appears more efficient. 
This method allows the generation of 5-15% CD123/IL-3R bri § ht pre-TCR-a + 
pDC2s after only 5 d (25). Of note, these data are in line with the theoretical 
assumption that all DC populations found in vivo can, in principle, differentiate 
from CD34 + HPCs in vitro. 

7.3. Influence of CD34+ HPC Origin and Lineage Commitment 
on DC Differentiation 

It is well established that the ability of CD34 + HPCs to self -renew and 
expand is ontogenetically regulated (36). Compared to CD34 + HPCs from the 
adult bone marrow, CD34 + HPCs from the fetal liver or cord blood are highly 
enriched in pluripotent primitive progenitors with long-term repopulating 
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\j. J • „ I. ; _ 1.1 1 •!?_ „_ j.' j. j.', _1 1 .£•_ • _ _11 _, /TTnn i^T~'/^_\ 

capacity anu m nigniy promerauve potential coioiiy-iornimg ecus (nrr-crcs) 
with remarkable clonogenic as well as expansion capacity (37-40). CD34 + 

TTnn i„j_: „i Ai££^r „^j-i_ i j-„ ii_ „ i_„i i_ „j- : 4, 

nrt populations aisu unici witn regard lu liic uaiancc uciwccn immature 
pluripotent and lineage-committed progenitors and, among lineage-committed 

* * i 1 * * /** 1*1 i * i 1*1 

progenitors, in tue relative proportion oi erytnroid, megakaryocyte, lymphoid, 
and myeloid progenitors. For example, B -lineage-committed CD34 + CD19 + 

rxrv_,;>, winuii aic au^ciit ui ucuciy uclcwlciuic 111 uic; wiu uiuuu, icpic^cin up 

to 50% of bone marrow CD34 + HPCs. This is also true for thymic CD34 + 

nrv^s, wiii^n ^uiiipnac; /7u/o ui uiiipuL^iit i-ii±i^ag^-^uiniiiiLL^u v^j-^^^t L.b'ia 

progenitors (26). 

v_xj-/^"T aaa \^a 11 win tii^ iLiai nvui ui uuiiu iiiaiiuw, iiuuiiatai ^uiu uiuuu 
ui iiuin auun uunv/ iiiaiiuw ui vj-V/ji -iiiuuiii^wu uiuuu., aa vv \^ll aa iiuin un/ 

thymus, have been successfully used to generate DCs in vitro (25,26,41-45). 

nuvv^vn, Av^^v^nt Av^jyuxto iici vv^ oiiuvvii uicit un^ov^ pujjuiauuno V^ClllllUl. Ut- ^UllOlUW^U 

as equivalent in terms of DC differentiation potential, the estimation of which 

10 r\rt m o r-t I \ t Kocah r\r» niiontitoti^rp r^or-om^t^-rc cnr»n oc r^^T-r^i^-nlcirr^c anrl ancnlntp 

1J plllllUlllj UUJVU V^±A UUU111H.UU W l_/Cl-LCm±V^».V~'J- l5 OW-V/AA tlO l_/V^AV^V^-L±».t-l£iV^Lj Cl±A\J. UUOV1UIV 

numbers of CDla + DCs. There is strong evidence that DC recovery closely 

r\ara1 1(=kie C*T\'\A^' 1-fP^ pvnQnemti r>ctr\ctr>-it\r' iir\r\r» 1 8 A r»ii1tiirpk \nntli Q^Th IhT 

L/UIUIIVIO X—'J--'^' - T 111 -\_^ V/VL/UllJlWll VUL/UVltV . UL/V/11 / »J \_l V/U11U1V VHU1 ^f'V—'-L , X J—/, 

GM-CSF, and TNF-a, the mean expansion of cord blood CD34 + HPCs ranges 
from 100-fold to 150-fold relative to 20-fold to 30-fold for adult bone marrow 
CD34+ HPCs and about 10-fold for thymic CD34 + CDla" HPCs. Thus, as 

CnmnnrpH with mrr\ hlnnH rfi^ZL+ HPPq th\rm\r Cr>^d + CW a~ HPfc apnpratp 
nnlv limitpH nnmriprQ of Fif^Q CJf\\ Thprf iq ^Iqo F'virlF'nr'P that limitFrl PYnanQinn 

■^J 111 Jf AAAAAA V'**' •\J*~ 11U111U \mS±. kj V-/ -fc- J-.^ "%w-" kj 1 M V / • X llvl ^ J. U MALJ V^ ^ T J. Vv»- ^ AL AL *V V VUV-VV 111111 V^ Vv»- ^ J Tk. |_/ UllLjl 'V-' AL AL 

of CD34 + HPCs correlates with accelerated kinetics of DC differentiation, 
because CDla + DC percentages n eak as early as culture d 4—6 in thymic 
CD34 + CDla" HPC cultures relative to 10-12 d for cord blood CD34+ HPCs. 

Surh remarkable heternaeneitv of CD^4 + HPC nnnnlatinns nrnmnteH n<i to 

analyze the relationship between lineage commitment and DC differentiation 
among cord blood CD34 + HPC populations. Based on CD7 and CD45RA 
expression, we have characterized two novel CD34 + HPC populations that differ 

with regard to Ivrrmhoid differentiation notential (7)\ Whereas CD7~CD45RA + 

Cl — _ _ j ± ± _ _ \ / • — — 

single positive (SP) HPCs behave as typical myeloid progenitors, double posi- 
tive (DPI CD7 + CD45RA + HPCs have the canacitv to generate CD56+ natural 
killer CNKi cells in culture with SCF. IL-2. IL-7. and IL-15. an indication of 

V / 7 ~ ~ 7 

their lymphoid potential. When cultured under our standard condition for DC 
differentiation, both oooulations generate DCs. albeit with different efficiencv: 
CDla + DC represent 78 ± 8% of nonadherent cells on d 8 of culture of DP HPCs 
vs 37 ± 15% for their SP counterparts; however, because of limited expansion, the 

AL A 

DC yield is threefold lower from DP HPCs than from SP HPCs. 

Our major finding was that CD34 + HPC commitment strongly influences 
the DC differentiation pathways, in that only DP progenitors have the capacity 
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lo generate ivi-^ or -resistant. CD la CD 14 unipuLeiiL u^ precursors that uiner- 



entiate into Lag + S100 + LCs in the absence of exogenous TGF-pl (7,26). Con- 
versely, or nrts aillerentiate aiong a unique ^um CD 14 ivi-^orrw^i^i u 
M-CSF-sensitive pathway and require the continuous presence of TGF-pl to 
acquire LC markers. These differences are also functionally relevant, because 
DP HPC-derived DCs produce twofold to fourfold more IL-6, IL-12, and 



f*\ S^wS^-***. S^-i S~% 



IrNr-Ot upun l^U4U ligation anu eilClt tnreeiOlQ lu SlXIOia gicau^i cuiugciici^ 

T-lymphocyte reactivity than their SP HPC-differentiated homologs. 

2, Materials 

O 1 refill Durifir+atirtn 

1. Anti-CD34 MAb-coated magnetic beads (M-450 Dynabeads [Dynal®, Oslo, 
Norway]). 

2. Anti-mouse IgGl -coated magnetic beads: RAM IgGl CELLectionTM Kit 
(Dynal®). 

4. Phosphate-buffered saline (PBS), 2% fetal calf serum (FCS). 

5. DNase I from bovine pancreas cell culture grade (Boehringer-Mannheim, 
Germany). 

2.2. Culture Media, Cytokines, and Growth Factors 

1. RPMI 1640, 10% FCS, 1% glutamine, 1% antibiotics. 

2. GM-CSF (Schering Plough, Kenilworth, NJ) (store at -20°C). 

3. SCF (Amgen, Thousand Oaks, CA) (stable at 4°C). 

4. Flt3 ligand (Immunex, Seattle, WA) (stable at 4°C). 

5. TNF-a (Genzyme, Cambridge, MA) (store at -20°C). 

6. TGF-pl (Genzyme) (store at -20°C). 

7 TT A /"C^U^^«« D1^,«U "K'ornlwrvH-li TvTT\ /r,+^^ «+ OAOm 

I . IXj-T ^OVll^llllg A lUUgll, 1\C1111WU1U1, iy J J ^OlUlt; Cll ~^\J \^J* 

8. Trimeric CD40L (Immunex) (store at -20°C). 

2.3. Monoclonal Antibodies 

1. Anti-CD34 MAb (clone 581; Immunotech, Marseille, France). 

2. CDla MAb (clone HI149, Becton Dickinson, San Jose, CA). 

3. CD83 MAb (clone HB15A, Immunotech). 

3. Methods 

3. 7. Isolation of CD34+ Cells from Cord Blood 

Although, diverse methods such as adherence onto plastic-immobilized 
CD34 MAb or fluorescence-activated cell sorter (FACS) sorting of CD34- 
MAb-immunolabeled cells have been tested, we recommend use of commercial 
CD34-MAb-coated magnetic beads for purification of CD34 + HPCs. In spite 
of the relatively high cost of magnetic beads, this method allows for the rapid 
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(z— j n) anu emcieiiL isolation oi luj^ nrts wilii excellent viaointy. nere, 
we describe the protocol we use for purification of CD34 + HPCs from cord 
uiuuu wiui ivi-h-ju i^ynaucaus. 

1. Mononuclear cells (MNCs) are isolated by conventional Ficoll-Paque (Pharma- 
cia, Uppsala, Sweden) centrifugation from normal cord blood collected according 
to institutional guidelines. 

2. The MNCs are then washed twice in RPMI 1640 medium and resuspended in 
cold (4°C) PBS, 2% FCS (10 8 cells/mL). 

3. Cord blood can be stored overnight at 4°C, but it has to be processed no later 
than 24-36 h after collection. 

h-. magnetic oeaus are narvesieu (h- x iu oeaus/iu" MNCs) anu wasneu lour to live 

uni^a in vuiu i uj, zj /c ivj, utiuit u^mg auucu lu uit v^iib 111 uit jji^a^iivt/ ui 

DNase I (50-100 fig/mL), the latter to prevent cell clusterization. 

5. The cell beads suspension is then incubated and rotated (10—20 mm) at 4°C 
for 30 min, which optimizes interactions between CD34-MAb-coated beads 
and the cells. 

6. Rosetted CD34 + cells are then magnetically separated from CD34~ cells by three 
to four passages through the Dynal MPCs (magnetic particles concentrator). 

7. Cell beads conjugates are resuspended in PBS, 2% FCS (100 jxL/10 8 MNCs) and 
diluted further in the same volume of DETACHaBEAD. 

8. Cell suspensions are incubated for 30 min at 37°C with gentle vortexing every 
10 min to allow the release of the rosetted cells. 

n npio /i+ n„ -C!„„n. T + ^j j? a k acc\ t-\., 1 a~ t~, t j.i ±~ j?:,,,. 

y. L.ujt ucus cue iiiiciiiy sejjtuciicu iium ivi-h-ju i^ynauecius uy mice iu nvc 

10. The CD34 + cells are then pooled, pelleted, and resuspended in a small volume of 
RPMI 1640, 10% FCS, 1% glutamine, 1% antibiotics. 

11. The purity of the preparation is determined by labeling about 5 x 10 3 cells with 
either an irrelevant or relevant CD34 MAb (clone 581 diluted 1 : 100) in PBS, 
2% FCS. After another 30 min incubation at 4°C, cells are washed and FACS 
analyzed. Purity of the resulting CD34 + HPCs should be >85%. 

3.2. Standard Procedures for DC Differentiation 

1. CD34 + cells are seeded at 1-2 x 10 4 /mL in six- well plates and cultured for 5 d in 
complete culture medium (RPMI 1640, 10% FCS, 1% glutamine, 1% antibiotics) 
supplemented with the following human recombinant cytokines: 20 ng/mL 
GM-CSF, 50 ng/mL SCF, 50 ng/mL FL, and 50 U/mL TNF-a. Cultures are 
conducted at 37°C in humidified 5% C0 2 (see Notes 1-3). 

2. Medium and cytokines are renewed on d 3. When the experimental design 
requires differential sorting of CDla + CD14~ and CDla~CD14 + precursors, 

lilt 111VU1U111 VU11 KJ\~- J U p 1J1 V111V11 IVU l_/\ <—.^> /V IIUIIIUU 1 lJJ JV1U111; IH11V11 U1VV VlllJ 

acquisition of CD la expression by bipotent CDla~CD14+ DC precursors (46). 

3. Nonadherent cells are harvested on d 5, counted, and cultured for another 3 d 
with fresh medium and cytokines. DCs can be maintained in cultures for up 
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Table 1 

Kinetics of Cord Blood CD34 + HPC Growth and DC Differentiation 

Under the Standard Culture Condition 

DC precursors (%) 



NAC numbers Total CDla + DCs CDla + CD14- CDla~CD14 + 
Days in culture (x 1CT 6 ) (%) (%) (%) 

8±2 15±3 



5 


3.5 ±1.5 


18 ±3 


8 


12 + 4 


27 + 9 


12 


19 ±5 


36+14 



Note: CD34 + HPCs were cultured in the presence of SCF, FL, GM-CSF, and TNF-a, referred 
to as the standard condition. Viable nonadherent cell (NACs) numbers were normalized relative 
to 1 x 10 5 seeded CD34 + HPCs. Percentages of CDla + DCs, and CDla + CD14 + and CDla"CD14 + 
DC precursors were determined by FACS analysis of cells labeled with the corresponding MAbs; 
they represent mean ± SD value of three to eight independent experiments. 

to 3 wk, provided that fresh medium and cytokines are added every 4-5 d. 
Optimal results in terms of both DC recovery and viability are obtained on 
cultured 10-12. 
4. Dendritic cell differentiation is followed by sequential labeling with fluoresceine 
isothiocyanate (FITC) or phycoerythrin (PE) conjugated CD la MAb (clone 
HI 149, dilution 1 : 100). The maturation stage is assessed starting from culture 
d 8 by labeling with a CD83 MAb (clone HB15A, dilution 1 : 100). An example 
of cell growth and DC differentiation kinetics is shown in Table 1. 

Starting from 1 x 10 5 cord blood CD34 + HPCs, this basic protocol leads, 
in principle, to the generation of 5-12 x 10 6 CDla + DCs on culture d 10-12 
and results in DC populations that appear highly heterogeneous with regard 
to their phenotype (Lag +/ ~, Langerin +/ ~, BG +/ ~), their differentiation pathways 
(via CDla + CD14~ or CDla"CD14 + precursors) and maturation stages (CD83 +/ ~ 
DCs), Therefore, this system can be readily manipulated to obtain homogeneous 
populations of DCs with defined phenotypes. For example, when cultures 
are conducted in the continuous presence of TGF-pl (1-10 ng/mL), typical 
Langerin + Lag + BG + LCs represent >90% of the CDla + DCs recovered on 
culture d 8-10 (29,46). Also, the addition of IL-4 or IL-13 (50 ng/mL) from 
culture d 5 results in homogeneously immature CDla bnghl CD83~ DCs 72 and 
96 h later, whereas adding trimeric CD40L (250-500 ng/mL; kind gift from 
Immunex) results in CDla +/ ~CD83 + mature DCs. 

3.3. Isolation of Immature and Mature DC from Cultures 
of CD34+ HPCs 

After 10-12 d, CD34 + HPC-derived DCs represent 40-80% of nonadherent 
cells, depending on the culture condition. For this reason, and at variance with 
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MDDCs, analysis of their phenotype or function usually requires a secondary 
purification step. In our hands, both types of DC precursors and mature CD83 + 
i^^s, wnicn are relatively resistant to transient growth lactor deprivation as 
well as to mechanical trauma, can be FACS sorted from d 5-6 and d 10-12 

1j- j-:, T ~i- T tt„„, iT :xz~~4-i ~r : 4- r^i^M „hri£^htv^T , vO'">— 
ulllLUlct>, icspcuuvciy. nuwcvci, puimuiuiuii ui mimaLuic LlJia 5 LUoj 

DCs, especially those obtained from cultures supplemented with IL-4, is more 
often results in high mortality and precludes conventional FACS sorting. 



1. As an alternative for isolation of immature DCs, we have successfully used 
beads with a rat MAb against mouse IgGl attached to the beads via a DNA 
linker (Dynal RAM IgGl CELLection™ Kit), so that immunoselected cells 
can be released from the beads by incubation with releasing buffer containing 
DNase I (47). 

2. RAM IgGl beads are harvested and washed four to five times in PBS, 0. 1% BSA, 
before being incubated for 30 min with CD la T6 MAb (3-4 u-g/10 7 beads). 

o nm „ a /r a t* — „+~ji~~„j~ „ „ t „~l~.j „„„;« +~ ~ — ~ — ,~ — i „ a ajtai> „~ a ~aa~a 

j. \^u ia-i\it\u— uutucu uctius cue wasncu again iu icmuvc uiiuuunu ivi/^.u, chili auucu 

to the cells (10 7 cells/mL), at a ratio of 5 beads per target cell. 

4. The mix is incubated and rotated (10— 20 r^nf* for 15 min at 4°C. 

5. Rosetted CDla + cells are then separated from CDla - cells by three to four 
passages through the Dynal MPCs, and resuspended in RPMI 1640, 2% FCS 
(200 uL/5 x 10 7 beads). 

6. Cell beads conjugates are finally incubated for 15 min at 37°C with DNase I 
(200 U/10 7 beads) and gently vortexed every 5 min, and CDla + cells are separated 
by four to five passages through the Dynal MPCs. 

7. Immature DCs are then pooled, pelleted, and resuspended in a small volume of 
RPMI 1640, 10% FCS, 1% giutamine, 1% antibiotics. Because this purification 
procedure may also alter DC viability, we recommend culturing them for another 
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4. Notes 

1. As mentioned previously, differentiating DCs from CD34 + HPCs does not raise 
anv snecial technical difficulty. Nonetheless, ontimal DC recoverv denends on 
both the quality of CD34 + HPC purification, which must preserve their viability, 
and the use of optimal cytokine combinations and dosages. With regard to 
isolation of CD34 + HPCs, we recommend discarding CD34 + HPC preparations, 
the purity of which is <80%. Although the presence of contaminant T- or 
B-lymphocytes or monocytes does not significantly interfere with CD34 + HPC 
growth and DC differentiation, this may represent a major impediment for studies 
of their differentiation pathways as well as function. 

2. We have performed systematic dose— effect studies for all cytokines and growth 
factors used in this system. With regard to early-acting factors, we have shown 

flint rwrwAA^A thf*\? c\re± ne£»rl zt)r\r\\7f* ct ^(l.no/mT V\nci=»1in^ ^f^ln nnrl PT c^m^t-mcti- 
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^„ii, T „ *. ^.ccl ~: *. r :~~ ^.c nr\o/i+ Tmrt„ „,:*i *. T ~,i, ~££ *. 

uany sujjjjuii ciiiuicm CAjjansiun ui CL'jt nrLS wiuiuui any auvcise cucui 

and do not interfere with DC differentiation or function. However, GM-SCF 

c\rtr\ TNTF-fY Hie-nlnv n mnrp rnmnlpY nr>tivit\f snpptmm than thp fnrmpr frTVf-f^SIlH 

not only potentiates the growth of myeloid HPCs, but it also represents a key 
survival factor for both CDla + CD14~ DC precursors and immature DCs. When 
cultures are conducted with suboptimal doses of GM-CSF (<20 ng/mL), this 
unequivocally leads to apoptosis of as much as 50-75% of CDla + DCs, as noted 
on culture d 10-12 and, thereby, in a considerable drop in DC recovery (6). For 
these reasons, we recommend using this cytokine at 20-50 ng/mL. 
3. Tumor necrosis factor-a is known to exhibit pleiotropic and sometimes dual 
dose-dependent effects on human hematopoiesis as well as to interfere with 
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expansion, which results in a more than a twofold increase in nonadherent cell 
recoverv bv H R From n developmental stnnHnnint TNF-nr al<jn represents a kev 
factor that controls differentiation of CDla + CD14~ DC precursors from early 
HPCs. During the second week of culture, TNF-a promotes the differentiation 
of bipotent CDla~CD14 + precursors into DCs at the expense of macrophages 
while inducing subsequent maturation of immature DCs. For these reasons, the 
addition of suboptimal doses of TNF-a (10-25 U/mL) results in only limited 
CD34 + HPC expansion and inefficient DC differentiation. Conversely, when used 
at high doses (250-1000 U/mL), TNF-a inhibits CD34+ HPC growth and induces 
early maturation of DCs that acquire CD83 expression as early as culture d 6-7. 
inus, me uuiiucniiaiiuii ui irsr-m in k^ud^ nrL. cuiiuies musi uc uaiciuny 

/lataftnitian I Sll 1 fill I T lm\ \ r\rtf\ auai-T? naur l-\n+/-»ri r\T +Vi£S r>TrtnVitia naa/io +r\ 1-\£S 

repeatedly tested in dose-response experiments (range: 10-1000 U/mL) before 
use in routine experiments. 
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Generation of Transgenic T Cells from Human 
CD34+ Cord Blood Cells 

Bruno Verhasselt, Evelien Naessens, and Veronique Stove 



1. Introduction 

Hematopoietic stem cells (HSCs), progenitor cells capable of generating 
all peripheral blood cell lineages, are believed not to express lineage markers 
(Lin) found on the latter, nor CD38, but may or may not express CD34. Besides 
HSCs, more committed CD34 + progenitors expressing CD38, and lineage 
markers like CD7 or IL-7R can generate T cells in the thymus (1). Cord 
blood, fetal liver, bone marrow, and peripheral blood CD34 + cells can generate 
T cells. These progenitors differ in their cytokine responsiveness and mitogenic 
potential, as exemplified by retroviral transduce ability. Gene-marked and 
cultured progenitors can be studied for their ability to generate T cells, either in 
vivo or in vitro (2,3), Human fetal thymus fragments are transplanted in severe 
combined immune deficiency (SC1D) mice to establish an in vivo model for 
T cell generation from these manipulated progenitors (SCID-hu). Alternatively, 
an in vitro model can be used in which a cultured fetal thymic lobe of non- 
obese diabetic (NOD)-SCID mice serves as the three-dimensional cellular 
network that supports human T-cell generation (fetal thymic organ culture 
[FTOC]). In contrast to the SCID-hu in vivo model, FTOC allows comparing 
numerous experimental conditions, such as cytokine cocktail titrations, with a 
manageable work load (3), In the FTOC, progenitor cells generate CD4/CD8 
double-positive immature and ultimately single-CD4-positive and single-CD8- 
positive mature thymocytes. In this chapter, we will detail 1° isolation of 
hematopoietic progenitor cells from human cord blood, 2° cytokine-stimulated 
retroviral transduction of these progenitors, and 3° assay of T-cell generation 
from gene-marked progenitors in FTOC. 
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2. 1. Isolation of Precursor Cells 

1 Phosphate-buffered saline (PBS; dissolve Na 2 HP0 4 *12H 2 [3.008 g/L or 8.4 mM), 
NaH 2 P(VlH 2 (0.255 g/L or 1.85 mM], NaCl [8.182 g/L or 140 mM] in 
0.8 L milli-Q water, adjust pH to 7.2-7.3; adjust volume to 1 L; osmolarity 
should be 275-285 mOsm, filter through 0.22-pim filter, store at 4°C) 

2. Fetal calf serum (FCS; Invitrogen, Paisley, UK). 

3. PBS with 2% (v/v) FCS. 

4. Lyrnphoprep (Nyegaard, Oslo, Norway). 

5. Dimethyl sulfoxide (DMSO; Serva, Heidelberg, Germany). 

2. 1. 1. For Isolation of Highly Purified CD34 + Lineage 
Marker CD38 +/ ~ Cells 

1. Mouse anti-human monoclonal antibodies (MAbs): glycophorin-A, CD19; 
fluorescein isothiocyanate (FITC)-labeled CD7-FITC, CD1-FITC, CD3-FITC, 
CD4-FITC, CD8-FTTC; phycoerythrin (PE)-labeled CD34, biotin-labeled CD38. 
Conjugate: streptavidin, labeled with allophycocyanin (APC) or tricolor (TC). 
These can be obtained from many different suppliers. 

2. Sheep anti-mouse immunoglobulin-coated Dynabeads (Dynal AS, Oslo, Norway). 

3. Magnetic particle concentrator (Dynal AS). 

4. Cell sorter equipped with an argon-ion laser (488 nm) and helium-neon diode 
laser (635 nm). 

2. 1.2. Isolation of CD34+ Cells 

1. MACS Direct CD34 Progenitor Cell Isolation Kit (large scale; Miltenyi Biotec, 
Bergisch Gladbach, Germany). 

2. Magnetic cell separator MidiMACS (Miltenyi Biotec). 

3. MACS MultiStand (Miltenyi Biotec). 

^t. i^o scptiicuiuii UU1U111H5 ^iviniciiyi oiuicuj. y^ayaKsLiy . uiciAiiiiuiii z^aiu luitu ucns 

and 10 8 magnetically labeled cells. 

5. Cell strainer 40 "m ^Becton Dickinson Mountain View CA). 

2.2. Culture and Transduction 

1. V^Cll UU1LU1C lllUUUtUUl piUVlUlllg it 11U1111U111CU CU111USJJ11C1C UUlllClllllllg / .JVC \viv) 

C0 2 in air. 

2 . Iscove ' s modified Dulbecco ' s medium supplemented with penicillin ( 1 00 IU/mL) 
streptomycin (100 [ig/mL), and 10% heat-inactivated FCS (complete TMDM, 
all products from Invitrogen). 

3. All cytokines are used at a fixed concentration during culture: 100 ng/mL 
recombinant human c-kit ligand (stem cell factor [SCF]), 100 ng/mL recombinant 
human flt3/flk-2 ligand (FL), 20 ng/mL thrombopoietin (TPO), 10 ng/mL 
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packaging cell line). The retrovirus used encoded the marker gene enhanced 
green fluorescent protein (EGFP; Clontech, Palo Alto, CA), constructed and 
produced as described previously (2). 

a. A MFG retroviral vector encoding EGFP is constructed by inserting a Ncol- 
BamRl fragment containing EGFP between the unique corresponding restric- 
tion sites of the MFG retroviral vector (kindly provided by R. C. Mulligan, 
Harvard Medical School, Boston, MA). 

b. A plasmid preparation from DH5a bacteria (Invitrogen) is preparated using 
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. iw^iilj' iiii^i ugiania ui piaoiniu ia uanaitcitu uaing ^ai^iuni— pnuapnai^ 

precipitation (Invitrogen) into 1.5 x 10 6 Phoenix- A retroviral packaging 
cells (kindlv nrovided bv Dr. G. P. Nolan, Stanford University School of 
Medicine, Stanford, CA), grown to semiconfluency on 6-cm-diameter Petri 
dishes (Becton Dickinson). 

d. After 2 d of culture, cells are detached from dish with Cell Dissociation 
Buffer (Invitrogen). 

e. Green fluorescent protein strong positive cells are sorted using a cell sorter 
(expect more than 50% GFP positive cells). 

f. Sorted cells are seeded at least 2 x 10 3 /cm 2 in a tissue culture flask (e.g., 
25-cm 2 flask). 

g. Another two rounds of sorting of the GFP strongest cells are done upon confluency 

r\T + r»ci /-»£ill nnmira +r\ aotnmidn n o+oWl a nrrtrlii^Qf •-"fall li*-»£i i*-» nKr\nf A tttI^ titna 
W-L U1V V\^ll ^LllLLllV^, LW V^O IClUliail CI O LCtU'lV pi WiailV^Vl V^Vll 1111\^ 111 ClUKJVLl. T VV1V U.111V/. 

h. Once established, the producer cell line is seeded in tissue culture flasks. 

Medium is refreshed 1 d before harvest of the supernatants. Highest titers are 

obtained at about 80-90% confluency. 
i. Conditioned medium (i.e., retroviral supernatants) is pooled, chilled, and spun 

(500g, 10 min at 4°C) and aliquots are stored at - 70°C. 

5. RetroNectin™ (Takara Biomedicals, Otsu Shiga, Japan). Non- tissue-culture - 
treated plates are coated following instructions of Takara Biomedicals. Quencing 
solution (2% [m/v] BSA [bovine serum albumin] in PBS) can be left on, allowing 
storage of coated wells for at least 1 wk at 4°C. 

6. Cell Dissociation Buffer (Invitrogen). 

2.3. Fetal Thymus Organ Culture 

1. Microdissection tools (e.g., curved pincet). 

9 PrPormnt (A 1 ZL_1 ^ MOH-T \^7-vrir1lvrir1 C^CWi-^CJTW mipp 

^ * A A VUUW111L \^* ■**■ ' J "** ^"^ "*~*^ ^^ i\r\*J*—l U V^ VX/Vi Ul/CW \A 1 v.** A-** - >^_* -*«^'A.A_^ r / AAAAWW* 

3. Dulbecco's phosphate buffer (DPBS): 

a. Dissolve 0.132 g CaCly»2H 2 in 0.1 L milli-0 water (for 0.9 mM final 
concentration). 

b. Dissolve 7.60 g NaCl (130 mM final concentration), 0.22 g KC1 (3 mM final 
concentration), 2.87 g Na 2 HP0 4 «12H 2 (8 mM final concentration), 0.20 g 
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ivn 2 rw4 t 1 '^ 11UVI nnal uuiiueiiiicuiun), u.iu g ivigv^i 2 -un 2 w ( U,J ni/W until 
concentration), in that order in 0.8 L milli-Q water. 

C AHH 1 T f' 1 nf' 1 1~«9'H~0 cnlntinn qIowIv nnr\ whilp ctirrina rrmtirmrnicKf tn 

0.8 L salt solution, 
d. Adjust pH to 7.2-7.3, adjust volume to 1 L (osmolality should be 275-285 mOsm), 
filter through 0.22-fim filter; store at 4°C. 

4. Fetal thymus organ culture is done in complete IMDM containing 10% heat- 
inactivated human AB serum (BioWhittaker, Walkersville, MD) instead of FCS. 

5. Terasaki plates (Invitrogen). 

6. Nuclepore filter (Nuclepore, Costar, Cambridge, MA). 

7. Gelfoam sponge (Upjohn, Kalamazoo, MI). 



/r»rri-iri\ 



0. e-mail tissue gnnaer ^rouer-civenjem, poiyieiranuoroemyiene ^ririij pesue 

^^a ~i«™ +„u.~» o ^.t , TT ^*-i^»^~ ^«««^+^ T . lvta/tdt u i ~wrw.v~FTi c \k^*\~*~a "\TT\ 
anu gia&s iuuc, j 1111^ wuiiviiig uapa^nv, jvaivijji^jj, / ivwi>i ±u,o, vincianu, i>ij^. 

9. Tris buffer: 

a. Solution A: dissolve 16.36 g NaCl (final concentration 140 mM), 6.06 g Tris 
(final concentration: 25 mM), 5 mg phenol red in 0.5 L milli-Q water. 

b. Solution B: dissolve 0.206 g CaCl 2 *2 H 2 (final concentration: 0.7 mM) 
in 0.1 L milli-Q water. In 1 L milli-Q water, dissolve 0.820 g KC1 (final 
concentration: 5.5 mM), 0.430 g Na 2 HP0 4 »12H 2 or 0.170 g Na 2 HP0 4 (final 
concentration: 0.6 mM), 0.246 g MgS0 4 # 7H 2 (final concentration: 0.5 mM). 
Add 0.1 L CaCl 2 solution slowly and while stirring continuously to 1 L salt 
solution. 

c. Add solution A to solution B, adjust pH to 7.2, adjust volume to 2 L (osmolar- 

kjl. nuiuwavt anijuuia ^\j 111111, x^x v_-, ^ ami. 

10. Trypan blue. 

11. PBS containing 1% (w/v) BSA and 0.1% (w/v) NaN 3 (PBS/BSA/NaN 3 ). 

12. Anti-Fc7RII/III MAb to avoid nonspecific binding of MAbs by the murine 
cells (e.g., clone 2.4. G2, Dr. J. Unkeless, Mount Sinai School of Medicine, 
New York). 

13. Anti-mouse CD45 cychrome (e.g., PharMingen, San Diego, CA). 

14. Propidium iodide (1 mg/mL). 

15. Flow cytometer equipped with an argon-ion laser (488 nm) and helium-neon 
diode laser (635 nm). 

3. Methods 

\Jm f ■ lt7l/IUHI/ll \Jl t l?l/lllOl/l WUIIwl 

Cord blood donations are stored at room temperature and are to be processed 
within 18 h after collection, x mL cord blood is diluted with an equal volume 
of PBS, and layered above x mL Lymphoprep; all reagents at room temperature 
{see Note i). 

1. Pipet 15 mL of Lymphoprep in a sterile 50-mL polypropylene tube. 

2. Gently pipet 30 mL of diluted cord blood on top of the Lymphoprep. 
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j. opiii iuucs iiiiiiieuimeiy anci lining, iuuu g iui u 111111 ai luuni icnijjcitiiuic, 
no brake at end of run. 

A Acnirntp mnnnnnr-lpar rpll frnr-tinn rrirpfnlW nnrl elnwlv inrlnHina rlnctprc 

I * I lOUll Wl-W 111V11V11 U-VXVUl. >• W A A A. J- M>V t,A^y A A V^ d-L W A. 1*11 J UllVf U A X^ ¥ ¥ A > * AAA>^ A UVH11 C. X^ A L4- LJ LV1 J 

attached to the wall of the tube (a total volume of no more than 7.5 mL is 
aspirated). 

5. Wash twice in 30 mL cold PBS (500 g, 10 min at 4°C). The mononuclear cell 
fraction (median 1.5 x 10 6 CD45 + cells/mL cord blood) can now be frozen in 
9 vol of FCS and 1 vol of DMSO for later use (up to 2 yr and more) after storage 
in liquid nitrogen. 

6. If either used directly or after thawing, cells are to be kept at 4°C at all times 
until initiation of culture. Cells are washed once (thawed cells twice) in 10 mL 
rcd/zyc (v/v) ri^d {d\jv g, iu mm ai ^ C) ana couniea. 



To study T-cell development from well-defined progenitor populations, these 
have to be sorted on the basis of expression levels of CD34, CD38, Lin, and, 
possibly, other markers (see Subheading 3.1.1.). Alternatively, if less stringent 
demands are put forward on the progenitor phenotype, bulk CD34 + cells can 
be isolated (see Subheading 3.1.2.). 

3. 1. 1. isoiaiion of Highly Purified CD34 + Lineage Marker CD33 +/ ^ Ceiis 

1. Resuspend up to 5 x 10 8 cells in 500 \xL PBS/2% (v/v) FCS. 

2. Stain with glycophorin-A, CD19, and CD7-FITC, 45 min at 4°C (see Note 2). 

3. Wash labeled cells twice in 10 mL PBS/2% (v/v) FCS (500#, 10 min, 4°C). 

4. Resuspend in 1 mL PBS/2% (v/v) FCS. 

5. Wash sheep anti-mouse immunoglobulin coated Dynabeads twice in 2 mL PBS 
and once in 2 mL PBS/2% (v/v) FCS using the magnetic particle concentrator 

6. Resuspend beads in 1 mL PBS/2% (v/v) FCS and mix with 1 mL cell suspension. 
Incubate ^ft min (with gentle chnlHna everv 5 min^ nt 4°P 

7. Place the cell/beads mix in the magnetic particle concentrator for 5 min; cells 
coated with beads are drawn from suspension. 

8. Aspirate the unlabeled cells from the tube, still in place in the magnetic particle 
concentrator. 

9. Count the cells; expect 10% of the initial number. To make sure that almost all of 
the beads are removed, 1 \xL of the cell suspension is checked microscopically 
in a hemocytometer. If there are still beads found, it is necessary to re-elute the 
cell suspension in the magnetic particle concentrator. 

10. Cells are washed once in 10 mL PBS/2% (v/v) FCS, resuspended in 200 [xL, 

nn A ^r^^H w 4+u rm TTrrr 1 r^a ettp r^r^/i ctt^ r^r^Q cttp nT\iA dc 

CU1U Oiaill^U Willi ^1/1 — AAAV^-, KsUJI — A A A \^, \^L/t — AAA\^, \^A-/0 — AAA\^, ^L/Jt — A A-'; 

and CD38-BIO for 45 min, 4°C. 

1 1. Cells are washed twice in 10 mL PBS/2% (v/v) FCS, resuspended in 200 n.L, and 
further stained with SA-TC or SA-APC for 45 min, 4°C. 

12. After a final wash in PBS/2% (v/v) FCS, cells are resuspended at 10 6 cells/mL 
PBS/2% (v/v) FCS. Cells that are FITC", CD34+, and either CD38 positive or 



332 Verhasselt, Naessens, and Stove 

negative cue suneu un ti ucn suiiei. wn uic aveiage, iz,uu v^l^oh- i^in lujo miu 
60 CD34 + Lin~CD38~ cells (purity always at least 99.5%) can be obtained per 

1 mnnnnnplpnr rrvrrl hlnnH r-pllc 

3. 1.2. Isolation of CD34+ Cells 

Alternatively, precursor cells can be isolated with colloidal superparamag- 
netic MicroBeads conjugated to CD34 antibodies to obtain >95% pure total 
CD34-positive cells {see Note 3). 

1. Resuspend cells at a density of 10 8 cells/0.3 mL PBS/2% (v/v) FCS. 

2. Add 100 uL FcR Blocking Reagent (per 10 8 total cells) to the cell suspension 



r /-~it-^'-> A TV IT' 



to lnmoii unspecinc or rc-recepior-meaiaiea oinaing oi luj^ ivncroceaas 10 



llUlllCUgCl CC11S. 



3. Incubate for 30 min at 4°C with 100 jaL CD34 MicroBeads per 10 8 total cells. 

4. Wash labeled cells in 10 mL PBS/2% (v/v) FCS (500g, 10 min, 4°C). 

5. Resuspend in 10 mL PBS/2% (v/v) FCS and pass through a 40- urn Nylon cell 
strainer to remove clumps. 

6. Centrifuge (500#, 10 min, 4°C) and resuspend in 3 mL PBS/2% (v/v) FCS. 

7. Place the LS separation column in the magnetic field of the MACS separator 
(attached to MACS MultiStand). 

8. Fill and rinse three times with 3 mL PBS/2% (v/v) FCS. 

9. Apply cells to the column; after they have passed through, wash the column three 
times with 3 mL PBS/2% (v/v) FCS. 

10. Remove the column from the separator and place in a suitable tube. 

(with pressure) by using the supplied plunger. 

12. To increase nnritv. reneat the magnetic separation step with a new prefilled 
MACS column (steps 7-9). 

13. Examine the last drop of the third washing solution microscopically to make 
sure that the CD34 - cells are washed out completely. (No cells should be found 
in 1 uL filling a hemocytometer counting chamber.) 

14. Elute the retained cells using the plunger as described above (step 11). Purity is 
evaluated by flow cytometry (stain with CD34 MAb) and is about 90% after the 
first column and 98% after the second column. 

3.2. Culture and Transduction 

For retroviral transduction of CD34 + cord blood cells, cytokine-stimulated 
culture is essential (2). Numerous studies have analyzed optimal cytokine 
cocktails, cytokine concentrations, and transduction protocols. The following 
is an example of a protocol that works best in our hands for cord blood 
progenitors (4). 
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Fig. 1. Transduction efficiencies of CD34 + CD38 + Lin- and CD34 + CD38-Lin- cord 
blood cells. Sorted cells were cultured in medium supplemented with cytokines and 
transduced with a retrovirus encoding GFP after 1 d of culture. Columns represent 
average percentage of GFP + cells at d 3 of culture of CD34 + CD38 + Lin~ (□) and 
CD34 + CD38~Lin~ (■) CB cells, from experiments with eight different donors. Error 
bars indicate standard deviation. (Reprinted with permission from ref. 4.) 



1. Resuspend CD34 + cord blood cells in complete IMDM supplemented with 
(combinations of) SCF, FL, TPO, IL-3, and IL-6 and seed in 96- well round- 
bottom tissue culture plates at (2.5-100 x 10 3 cells in 150 \xL medium per well) 
(see Note 4). 

2. Culture for 24-48 h. 

3. Remove half of the medium volume and replace with viral supernatant, supple- 
mented with cytokines (to keep final cytokine concentration unchanged). 

4. Resuspend cells and seed the complete well on RetroNectin™-coated 96-well 
flat-bottom plates (see Note 5). 

^ fill +t 1 **y-v -I- s~*k -*• 'j /I /l \J l*\ A +■ +■ <-v -** 4- « -■ /^i ■*% <-v -**-■ j^v j*J tv t y-v I I /-* f^ -** .-v -** y-» fin fi -*^ .-v *^ S-M y-» S-M m *~*4-4-*-\ V* l-% Vv *"l V* .-v I I /-* f^ -*• .-v 

^. ^unuic iui z,t-to ii. /vllci una pcnuu, wens cue icsuapcnucu, cuiavncu ucus aic 

recovered by washing well in PBS, followed by incubation with Cell Dissociation 
Buffer for 10 min at room temperature. 
6. A fraction of the cells can be used to assay transduction efficiencies (e.g., by flow 
cytometry), and the remainder can be cultured on or used in FTOC. If desired, 
cells can be sorted for GFP expression before transfer to FTOC. 

If the culture is to be continued, cytokine- supplemented medium is refreshed 



/"<-! \ m 



at least twice a weeK {j). 10 avoid medium exnaustion, cen density must not 
exceed 2 x 10 6 cells/mL. In the second week of culture, cells are transferred to 
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tion Buffer to remove adherent cells from the well surface. For a third week of 
culture, the cells are transferred to six-well tissue culture plates or to 25-cm 2 
tissue uuiLurc iiusrs. ngure x snows transduction results 101 ^uj^+ ^udo i^in 
cells and CD34 + CD38 + Lin" cord blood cells (see Note 6). 



3.3. Fetal Thymic Organ Culture 

ATf^l~^_T tQ^-c/^j/i/c/ 1 )// ^MOT^ QfUT"^ mir»<=k ot 1 ^ r\T , <=»H in o notnrvrrAti_TrAP r\-r<=ki=kH_ 

J- "<< WX^ J^lkJij Jl^ K^t/ JU H^t- yxlV.yJ--' »JV/±l>'y 1111VV U1V U1VW XXX «x JJUUlUgVll 11VV L/l WW 

ing facility. After overnight mating, the appearance of vaginal plugs is noted 

qc A nf nrAfrriQnr'v QnH thpep fpmcilpG qtp r\nn1prl in cpnQrntp r>cirrpc ( voo 

i*u vj- v-f \_/x iji vtiiunv V j uiiu uivjv x C'xxxClXwij nx v^ i_/\_'\_»xv^\_t hi <j \^ yr t*x xa, tv^ v^i*.£,v^u \u»_<t- 

Note 7). 

1. At d 14-15 of pregnancy, NOD-SCID mice are killed by cervical dislocation. 

2. The abdomen is sprayed with ethanol, and the uterus is dissected free in a 
horizontal laminar flow. Transfer the complete uterus to a Petri dish filled with 

COIU UfDS. 

3. Release embryos from the uterus by cutting close to the uterine constrictions 

UVIVYVV11 V111U1 JVJ< VIUV XlJ tCtXVV^±± ±XV_/l- IV UUlllUgV U.±V ±XV^l*\J IVCjlUll VX Uli*.' V111U1JV 

(Fig. 2A). 

4. For dissection of the thvmic lobes, the embrvo is tmnched dorsallv on a clean 

J " J x •/ 

tissue covering a polystyrene foam block. The needles used to punch the embryo 
are placed through the face and the abdomen in such a way that the embryo is 
stretched, with dorsoflexion of the head (Fig. 2B). 

5. Using curved pincets, both thymic lobes (one lobe is indicated with an asteriks 
in Fig. 2C,D) residing in the upper thorax region are microdissected free under 
a macroscope. The lobes are placed in a Petri dish containing cold complete 
IMDM. Further microdissection is frequently necessary to free lobes from 
surrounding tissues. Lobes can be stored in a cell culture incubator several 
hours before use. 

f\ f^nl turpH C i T) r \A + nnrr\ hlnnH rpllc nrp VmrvpctpH in c\ hinVmyfirH flow ac HpcrriHpH 

in Subheading 3.2.5. and washed in 5 mL complete IMDM, not supplemented 
with cvtokines (500je, 10 min, at 4°C). 

7. Resuspend pellet in a small- volume complete IMDM, so that 25 \xh contains the 
equivalent of 10,000 cultured CD34 + cord blood cells. 

8. Transfer 25 \xL cell suspension to a well of a Terasaki plate. The outer wells 
of the plate are filled with 25 \xL PBS. The wells are now ready to receive a 
thymic lobe. As work with transduced cells is performed in a biohazard flow, 
a video-monitored marcoscope is very useful for observing the manipulations 
described in the following steps 9, 10, 13, and 14. 

vviui a iuvjvj-fli^ piasuu up anu pipcuui, an niuiviuucu ui^ini^ iuuc is picivcu 

in a volume of about 100 \xh IMDM. The lobe is allowed to sink to the tip 
orifice bv aravitv and is transferred to a Terasaki well bv touching the 25 -uL 
drop with the tip (no fluid is to be pipetted out). In this way, the lobe will fall 
into the Terasaki well. 



9. 
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Fig, 2, Microdissection of a d- 15 NOD-SCID embryo (for explanation, see the 
text). 



10. After all lobes are transferred, the Terasaki plate is closed and inverted in a 
fast, gentle movement. The well bottoms are now facing up; the 25 -\xL drop 
is "hanging." 

11. The Terasaki plate is placed in a large Petri dish, also containing small dishes 
filled with PBS. The latter serve to maximize humidity. The closed large Petri 
dish is placed in a cell culture incubator. 

12. After about 42-44 h of culture, cut Gelfoam sponges (1 cm 2 ) are soaked in 3 mL 
IMDM with 10 % human serum not supplemented with cytokines, in a six- well 
tissue culture plate, for at least 4 h. After the Gelfoam has absorbed medium, 
residual air is squeezed out with sterile pincets. A nuclepore filter is placed on 
the Gelfoam sponge, taking care not to trap air bubbles. 
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u. /vuei h-o 11 ui uuiiuic, ai u u ui riw^, uic ieiciscus.1 jjituc is invciicu lu uuuuiii 
down and lobes are removed by aspirating the complete well with a 1000-jaL tip. 

Thp tin ic Hlnwn nut in c\ \\i(A\ nf ii 9z1-wp11 nlritp flllpH with 1 mT rnrrmlptP' TTVTPllVr 

A ±±W 11U A U L/lv TT 11 V/Vfrt 111 Vi TT ^11 VI ki ^^ I TT vll UllilV 1111^' , V* ft 1111 1. llll^tf VVlllk/lVl-V llVll/lTlt 

By extensive pipetting, the lobe is freed from most adherent cells. 

14. Thymic lobes are recovered from the 24-well plate with a 1000-u,L plastic tip 
and pipettor, in a volume of about 100 \xh IMDM. The lobe is allowed to sink 
to the tip orifice by gravity, and the lobe is transferred to the nuclepore filter 
by touching (again, no fluid is to be pipetted out). Two to four lobes can be 
transferred to one filter; annotation of the position on the six- well plate cover can 
allow different experimental lobes to be placed on one filter. 

15. The plate, with each well filled with either FTOC cultures or PBS, is put in a 



large rem aisn ana piacea in me cen cuiiure mcuoaior. ror hq, me cunure can 

u^ 1^11 umuuviicu, uui iiiapt^i^u i^guian^ iui an uuuuits uiai ^an na^ nuin uit 

gelfoam toward the filter (see Note 7). 

16. After 14 d of FTOC, the Gelfoam s n on^es are replaced bv fresh ones. To this 
end, in a fresh six- well plate, cut Gelfoam sponges (1 cm 2 ) are soaked in 1.5 mL 
IMDM with 10% human serum not supplemented with cytokines, and again 
squeezed free from excessive air (as in step 12). 

17. Used medium from the FTOC is aspirated beside the used Gelfoam (about 1 .5 mL 
can be recovered) and expelled on top of the fresh Gelfoam. 

18. With a sterile pincet, the nuclepore filter is picked from the used Gelfoam and 
put on the fresh Gelfoam. (If important, the filter should be placed in the same 
position as annotated). 

iy. me piaie, wmi cauii wen inicu wim eimei riu^ uunuies ui roo, is pui in 

o lnrrta D£i+**i /-linn nn/i nlnna/i i n + ri£S fiill r>nltnfa in^imritrti - T^riis Ui" I flf^ r»rin na 

<x iciigv^ a v^ni \aian cinu jjici^v^v_i 111 uiu \^\^n V/Uiiuiv; inv^uu'ctiwi. inv a x v^v^ vein u\^ 

continued for another 14 d, with extra surveillance for air bubble formation. 
Sometimes, degradation of the Gelfoam necessitates an extra refreshment of the 
sponge in this second period of culture (done as in steps 16-18; see Note 8). 

20. At the end of the culture, lobes are picked carefully from the filter and put in 
a small tissue grinder containing 150 \xh Tris buffer. The lobe is mechanically 
disrupted to obtain a single-cell suspension. Thymocytes can be stained with 
trypan blue and counted with a hemocytometer. 

21. Thymocytes are washed in 5 mL cold PBS/BSA/NaN 3 (500#, 10 min, at 4°C). 

22. Cells are resuspended in 250 \xL cold PBS/BSA/NaN 3 and preincubated on ice 
for 15 min with saturating amounts of anti-FcyRII/III MAb. 

Zj. ^ciis cue aicuiicu wiui aiiu-iiiuu&c ^.l^^t^l U^ClllUlllC, UISUIUUICU UVC1 iiiuiupic 
tnKpc ctnr\ ■f-iirtVif^r ctoin^rl fnr 4^ min ii^itli i-\c»r»^1c r»f IhTTT" 1 - P1h_ ctnr\ A Pf^-lciK^I^H 

H*L7V>kJ U11U J-W-L U1J.V^.L JIUlllVU 1U1 T^/ 111111 VY 1U1 l_f U-i-lV^i kj V-/-L 1X1 >^ , A J_/ , U11U ± 11 V 1UL/V1VV1 

mAbs, depending on the reporter gene present in the virus. 

24. Staining tubes are washed with 3 mL of cold PBS/BSA/NaNa 

25. Resuspended cells (150 \\L) are kept on ice. Just before flow cytometry, 5 \\L of 
propidium iodide is added to the tubes. 

26. The cells are analyzed on a flow cytometer with an argon-ion laser tuned at 488 nm 
and helium-neon diode at 635 nm. Murine and dead cells are gated out by mouse 
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CD45 cychrome and propicillin! iodide, respectively. Negative controls included 



isotype MAbs conjugated with the corresponding fluorochrome. Figure 3 

chnwc fin PYiimnlp nf InTOf" 1 nhpnntvnp 

and CD34 + CD38 + Lin- cord blood cells. 
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4. Notes 

1 . Umbilical cord blood can be collected in regular EDTA tubes, filled with a syringe 
containing umbilical cord blood after V umbilicalis aspiration. Alternatively, a 
blood transfusion bag, containing a reduced amount of anticoagulant compared 
to blood donation bags, can be filled with cord blood by gravity after catheteriza- 
tion of the V umbilicalis. The volume yield is highly variable; however, it is 

u:~u — „.u — ui i •„ +„i^ — u~-c ~~„ a ±~ „.c+ — u:^4-u ~.c +u~ «i„ +„ a~ 

lllgUCl W11C11 U1UUU 15 UUS.C11 UCIUIC UUllipcllCU LU CllLCl U11L11 Ul 111C piClUClllCl. .rt.ll 

experienced staff obtains on the average 70 mL with syringe aspiration, and 
more than 100 mL with catheterization. The mononuclear cell fraction is after 
centrifugation over Lymphoprep visible as a fuzzy interface with cell clusters, 
sometimes contaminated with red blood cell (RBC), usually in aggregates. 
Reisolation over Lymphoprep will only marginally reduce RBC contamination. 

2. Antibodies should be titrated to determine the optimal amount. However, 1 pig of 
monoclonal per 10 6 cells can be used as a rule of thumb. 

3. Take care not to introduce air bubbles into the column in step 8. Elution of the 
cells (step 11) is enhanced by forceful and fast plunger movement. 

4. A concentrated stock solution in medium of each cytokine cocktail (e.g., 20 
times concentrated) is very useful to compensate for substitutions of medium 

wiui K,y iujvnit-11 *_.*_. iii^uiuin suui aa ituuvnai aup^niauanua. 

5. Transduction efficiencies are higher after 48 h, compared to 24 h, of culture 
before the addition of virus, especially for CD34 + CD38~ cord blood cells. 
Transduction efficiency may be increased if RetroNectin-coated plate is spun 
immediately after seeding of the cells (I400g, 90 min at 32°C). 

6. Lentiviral transduction protocols may vary, such as polybrene-assisted spino- 
culation. However, addition of cytokines also facilitates lentiviral transduction. 
Depending on the virus used, transduction efficiency can be assayed by flow 
cytometry, selective culture, immunocytochemistry, and many other techniques. 

7. Sometimes, the lobe remains attached to the bottom of the well after inverting 
the Terasaki plate (step 10). By gentle ticking on the well bottom with a pencil, the 

1~U-. *~ 1~„~~J + -_ ~*~U + 4-U „-^+U +U~ ~-.11., +~ +U~ „~ — T ~-C +U~ A +U„~ 

1UUC IS IClCclSCU IU S111JS., lUgClllCl Willi 111C UC115, IU 111C CUJCA Ul 111C U1U|J, 111US 

■fi"-k -fVica rvoc 1i/~mii/-1 i t-.-r_at-ro.-»£s YX/a en cir-ioi-^-r tnot -frits onnaoron^a r\¥ oir miKKlao naor 
IU U1V g,*-*-^ — 11LJU1LI HHWiaWi TTV OUOp^V^l UiJ.U.1 UIV/ Cipp\^UAU.l±\_.V. Ul «±i VU-Wi^O ±±V^U-L 

the filter is the result of degradation of the Gelfoam by agents released from the 
FTOC. Tt is senerallv observed after more than 1 4 d of FTOC. esneciallv those ini- 
tiated with cytokine- stimulated cord blood precursors. Not surprisingly, these 
bubbles typically appear beneath a thymic lobe. When the bubbles touch the filter 
beneath a lobe, nutrient access is hampered and the lobe concerned is lost 
for analysis. To avoid this, the filter can be shuffled away from the bubbles over 
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FTOC" indicates flow-cytometric analysis of the progeny of CD38 + and CD38 
CD34 + Lin~ cord blood cells after culture for 3 d in medium with SCF and IL-3 
supplemented with retroviral supernatant after 1 d of culture. Dot plots shows 
CD34 PE staining vs GFP expression gated on live cells. The values in the 
crosses indicate the percentage of cells present in the corresponding quadrant. 
Quadrants were set arbitrarily. FTOC d 30 indicates flow-cytometric analysis of 
thymocytes recovered from FTOC initiated with transduced CD38 + CD34 + Lin~ 
and CD38~CD34 + Lin~ cord blood cells shown before FTOC. After 30 d of culture, 
thymocytes recovered from FTOC were stained with IgGl-PE (not shown), 

^ui-ru, \-,lj^— il-, ama \^l/ j-r jj anu anai^z^u uj iiuw v^iuiii^iij\ l/ui jjiuis sjiuw 

staining vs GFP expression of live human cells recovered. The values in the crosses 
inHiratp thp np.rrpntncrp of cells present in thp rnrrpsnnnHinp nnaHrant. OnaHrants 

were set to include 99.5% of the cells stained, with isotypic control antibody 
in the lower quadrants. The data shown are representative of three independent 
experiments (reprinted with permission from ref. 2). 
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Ex Vivo Expansion of Umbilical Cord Blood Cells 
on Feeder Layers 

Martin Bornhauser 



1. Introduction 

This chapter deals with the culture of hematopoietic stem cells contained 
in human umbilical cord blood in order to amplify the number of progenitor 
cells. The aim of expanding human umbilical cord blood cells (HUCBC) is 
to use a larger inoculum for hematopoietic stem cell (HSC) transplantation 
of allogeneic recipients (1). It is hoped that the recovery of blood counts can 
be significantly fastened by the use of amplified HUCBC, especially in adult 
patients. Until now, successful transplantation of HUCBC has mainly been 
performed in children where enough cells can be infused to guarantee fast 
and stable engraftment (2). In these transplants, the decreased risk of acute 
graft-versus-host disease (GvHD) has been one of the major steps forward in 
the field of pediatric hematopoietic stem cell transplantation. Retrospective 
studies have proven that HUCBC may be used as an alternative source of HSC 
in the related and unrelated donor setting (2,3). 

During the last years, it has been convincingly shown in preclinical and 
clinical trials that HUCBC can be expanded in vivo without losing their long- 
term repopulating ability, which had been feared during the start of these 
investigations (4,5). 

Different factors of culture conditions and methods influence the results 
of ex vivo expansion: 

1 . The separation method of cord blood cells may be crucial to obtain optimum 
culture results. 
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2. Different cytokines might either help to preserve the immature phenotype of the 
cultured cells or induce terminal differentiation. 

^ TJc*c*r\f*r lavprc liVp limhilirril rr»rrl hlnnH pnHnthplinl r-pllc rtr marrnw ctrnmn 

•^ * A W W 1 ^* WA -LM > Vi'A LJ A AAi-W U-1J.1 *_X A A A VWil >^ VJ. ^* KS A ^y V Vt VJ.1W U1V11W11 V V^A A LJ X^ A 111MX A X^r ft LJ t,A V 111U 

cells mimic the physiological surroundings and may support the expansion of 
primitive hematopoietic stem cells. 

The above-mentioned points will be addressed in detail in the following 
subheadings, with special emphasis on methods of culture and analysis. 

^. I VI cl It? I laid 

2. 1. Cell Separation 

1. Dulbecco's phosphate-buffered saline (DPBS) w/o magnesium and calcium, 
pH 7.2 (Gibco, Paisley, Scotland) (Storage temperature, 4°C). 

2. Immuflot (Immucor GmbH, Rodermark, Germany) (storage temperature, 4°C). 

3. Human serum albumin (HSA) 5% (Immuno GmbH, Heidelberg, Germany) 
(storage temperature, 4°C). 

<+. ^enoiu" o^oivi (siem uen giuwui medium, ^envjemx, rreiburg, uermaiiy) 
(storage temperature, 4 °C). 

S CpII COliritPT" f r Tpr > hnir , T»n W3 RTf" 1 Rciupr Piifrnr^ctir-c f^mhW lVTiini^hpn r^prmnmA 

6. Lysis buffer: 8.29 g ammonium chloride, 1.0 g potassium hydrogen carbonate, 
0.037 2 sodium-EDTA in 1 L aaua, oH 7.4 (storage temperature, 4°Q. 

i^S A ' A •- ^^ A 7 > 

2.2. Establishment of Stromal Layers 

1. Stroma medium: RPMI 1640, Dutch modification, 10% fetal calf serum (FCS) 
(Gibco, Paisley, Scotland) (see Note 1), 2 mM L-glutamine (Sigma-Aldrich, 
Steinheim, Germany), 100 IU/mL penicillin, mg/mL streptomycin, (penicillin- 
streptomycin solution: 10.000 U penicillin and 10 mg streptomycin per milliliter in 
0.9% sodium chloride [Sigma-Aldrich GmbH, Steinheim, Germany]), 1.0 [imol/L 
hydrocortisone (Aventis, Frankfurt, Germany) (storage temperature, 4°C). 

2. All solutions sterile filtered and cell culture tested. 

J. ^^-wiii i laaivs v>"> UlNV^, yyitauautn, vj^niiaiiV^ V° — 1XJ a 111 -* IIlcUlUIIl, ^ iiiaj uyjjain 

for incubation). 

4. 80-cm 2 flasks (NUNC) (20 mL medium, 10 mL trypsin for incubation). 

5. 175 -cm 2 flasks (NUNC) (50 mL medium, 20 mL trypsin for incubation). 

6. Trypsin-EDTA solution: 0.5 g porcine trypsin and 0.2 g EDTA x 4 Na per liter 
of HBSS (Hank's balanced salt solution) (Sigma-Aldrich, Steinheim, Germany) 
(aliquots stored at -20 °C) 

7. Gamma source (15 Gy). 

2.3. Establishment of HUVEC 

1. DPBS. 

2. 10 mg/mL Gentamycin sulfate (aliquots stored at -20°C). 
. zju pig/inj^ ampnotencm d (anquuis siuieu ai — zu ^). 
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a -\/f~Ai c j-i 4, i. ~c 4-u a u:i:^„i j /^cn t T-\r»T> o 1 oc t 

H-. 1V1CU1U111 1UI U1C lliUlSJJUIl Ul L11C UlllUlllUcll UUIU ^Z,JU 111L* i^rJDO, l.Z,J 111L, 

gentamycin sulfate solution, 2.5 mL amphotericin B solution). 

5 ^000 TT/mT ^Inrliiim— hpnnrin ctprilp filtprpH ($\\ amn- AlHrir-h ^Itpinhpim Crf*r- 

many) (storage temperature, 4°C). 

6. Collagenase solution 0.1% (Sigma- Aldrich, Steinheim, Germany) (aliquots 
stored at -20°C in a 50-mL tube filled with 25 mL). 

7. Endothelial cell growth medium (ECGM; PromoCell, Heidelberg, Germany) 
(storage temperature, 4°C). 

8. Fibronectin (Sigma; 20 fxg/mL) (solution storage temperature, 4°C; lyophylisate 
storage temperature -20°C). 

9. Trypsin inhibitor solution Type I-S (Sigma- Aldrich, Steinheim, Germany). From 
soybean, chromato graphically prepared, 1 mg will inhibit 1-3 mg of trypsin. 

2.4. CD34+ Progenitor Cell Purification 

(storage temperature, 4°C). 

2.5. Methylcellulose Progenitor Culture 

1 f^nrrmlptp mptVuTr-pllnlncp mprliiim rr»ntciirnncr Tcr»rT»\7p'c A/f r»Hifiprl FinlKpr-rr^'o 

i • \^-v/ iiiuiv t-w lllvlll y wnuivuv lllvvllUlll v v/11 IClllllllfl Akjw vv/ y v kj at X v/ Ulll vvl -A--*' uiuvvw lj 

Medium (IMDM) with 30% fetal bovine serum (FBS), 3 U/mL erythropoietin, 
50 ne/mL stem cell factor (SCF), 20 ne/mL sranulocvte-macroohaee colony 
stimulating factor (GM-CSF), 20 ng/mL interleukin (IL)-3, 20 ng/mL IL-6, and 
20 ng/mL G-CSF (Methocult GF H4431; Stem Cell Technologies, Vancouver, 
Canada) (aliquots stored at-20°C). 

2.6. Expansion Cultures 

1. SCF (Amgen, Munich, Germany) (aliquots stored at -80°C). 

2. Flt3-ligand (R&D, Mannheim, Germany) (aliquots stored at -80°C). 

3. IL-3 (R&D, Mannheim, Germany) (aliquots stored at -80°C). 

4. G-CSF (Amgen) (aliquots stored at -80°C). 

6. Erythropoietin (R&D) (aliquots stored at -80°C). 

7. Megakaryocyte growth and development factor (MGDF) (Amgen) (aliquots 
stored at 4°C). 

2.7. Flow Cytometry 

1. FACS SCAN (Becton Dickinson, San Jose, CA). 

2. Class III CD34 antibody HPCA-2-PE, IgGl (Becton Dickinson) (storage 
temperature, 4°C). 

3. Anti-CD41-FITC (fluorescein isothiocyanate, P2 clone, IgGl (Coulter- 
Immunotech Diagnostics, Miami, FL) (storage temperature, 4°C). 

4. Anti-CD38-FITC, T16 clone, IgGl (Coulter-Immunotech Diagnostics, Miami, 
ri_,) (sioiage temperature, 4 \^). 
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J. Allll-^iJll/-ril^ (U-Kli;, 1U4L/Z U1U11C, igvji (ociuicu-diuzui l^lclgllUSUUcl, 



Miinchen, Germany) (storage temperature, 4°C). 

Anti HT A-HR-FTTP R-F1 HnnP ToOl f^rntP, 

j. 1111.1 -i n^rfx i j-^' i V i i i "%_^- • j_*^ i i v^i VZ-LJ-W* i «h. xj i \ u ^•i ^v lv^' 

7. Annexin V Kit (with PT) (R&D) (storage temperature, 4°C). 



6 Anti HT A-HR-FTTP R-F1 HnnP ToOl f^PrntPr-Rinynl ninannctir^ 

vj- * a iaivi i. ii^x i j-'iv i i i "*-^*5 J—' ■*■ J- viv-'iiv* i tfc x_-» i \ k^ ^■'i ^v ^v v^ j—^i'vyu^vi i^iuuiivutivu/t 



2.5. Transwell Cultures 

Six-well Dlates (NUNC, Wiesbaden, Germany) (AnaDore membranes, 
0.2 pirn) (see Note 2). 

3. Methods 

3. 7. Ce// Separation 

v^uiu uiuuu id tuiictitu unuti ai^inc; luiiuiuuhs aitti puiiL/iuic; ui uic uniuiii- 

cal cord blood vein, diluted with Dulbecco's PBS w/o magnesium and calcium, 

p±A / .Z/, lu uuiani a ^v^n t/^n^v^ni-iatiwii ui v, J- — -*-v * 1U /i±i.l/. 

Density gradient centrifugation is performed as follows: 



1 . Cells are layered carefully on Immuflot and centrifuged at 800g for 20 min. 

2. The mononuclear cells of the interphase are collected carefully and washed twice 
with PBS at 600g for 10 min, supplemented with 0.5% human serum albumin 
(HSA 5%; Immuno GmbH, Heidelberg, Germany). 

3. The pellet of the second wash is resuspended in 5 mL of CellGro SCGM (Cell 
Genix, Freiburg, Germany). Cells are counted automatically (e.g., by Technicon 

tt o r>Tn™ n „-__„ t^v* x*„„ r^ t_tt a x^i i r~* ,\ 

n j jviv^ , DnycL i^iagiiusiius vjinun, iviunuiicn, ^jcmitiiiy). 

An alternative method to density gradient centrifugation is chemical lysis: 

1. About 50 mL of cord blood is mixed with 200 mL of ice-cold lysis buffer, 
consisting of 8.29 g ammonium chloride, 1.00 g potassium hydrogen carbonate, 
anu u.io / g souiuiu— cum m i c aqua wiui a pn 01 / .4. 

2. After 15 min of incubation, the nucleated cells are separated by centrifugation, 



cmH tliA eiir\£»rncitcmt io re*mr\\re±r\ 



3. The pellet is resuspended in 5 mL of CellGro SCGM. 

3.2. Establishment of Stromal Layers 

1 . Bone marrow aspirates are obtained by aspiration at the posterior iliac crest from 
healthy donors. Marrow usually is filtered using a 500- [Am filter and 200- \xm 
filter, respectively. 

2. Afterward, the marrow is mixed with the same volume of PBS, and mononuclear 
cells are separated by density gradient centrifugation as mentioned earlier. 
Washed cells are resuspended in stroma medium. 

3. Then, 7 x 10 7 Ceils are placed in 80-cm 2 flasks (NUNC) in 20 mL of medium 
and maintained at 37°C and 5% C0 2 . The medium volumina for different flask 



aii^a wcic piuviucu 111 ouuiicauing L»L, 
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a tt„i.c .^iU, ]• :„ T ^i , j 4-„ r :~~ „ „, 1^ 

H-. nclll Ul UIC 111CU1U111 IS CAUllcUlgCU IW1UC d WCCN. 

5. After 2 wk, adherent layers with 80-90% confluency are passaged with tryp- 
sin— PPlTA cnlntinn 1 ^T ($\\amn— AlHriph Slfpinhpim frprmfinv^ 

6. Therefore, old medium is removed. All solutions (trypsin, PBS) are prewarmed 
to 37°C. 

7. The culture flask is carefully rinsed with 10 mL of PBS twice without touching 
the cell layer and removing the PBS thereafter. 

8. Ten milliliters of trypsin solution are pipetted into the culture flask and then sat 
at 37°C for 3-5 min (see Note 3). 

9. The flask is the checked under the inverted microscope to make sure that cells 
are lifting off of the flask (see Note 4). 

10. Trypsin is quickly inactivated with 20 mL stroma medium and ceils are then 

uaiiai^ii^u iniu a ^u-1111^ wuinv^ai luut anu ^^nuiiug^u wiui iuu^ ±ui ~> 111111. 

11. The pellet is resuspended in stromal medium and the cells of one 80-cm 2 
culture vessel are transferred in six 25-cm 2 flasks or six 6- well elates for further 
expansion experiments. 

12. Confluent layers are irradiated with 15 Gy with a gamma source before initiating 
culture experiments to inhibit further proliferation and immunological interaction 
with HUCBC. 



3.3. Establishment of HUVEC 

The method used was adapted from ref. 6. 

1. Umbilical cords are placed in the transport medium. 

2. The umbilical cord vein is cut on both sides in order to realize sterile conditions. 
A tube of a butterfly canula with a luer-lock adapter is fixed to one side of the 
umbilical cord vein. The other end stays clamped during the whole procedure. 

3. The vessel is then flushed several times with a 20-cm 3 syringe of PBS until no 
more blood or clots are detectable in the rinsing solution. 

4. Prewarmed collagenase solution 0.05% (Sigma- Aldrich) is reconstituted and 

iiiicu iniu uic vein ^uic uiic wiui uic iuci-iuujs. auajjicij tiiiu iiiuuutucu iui 4 iiini 

at 37°C. 

5 Tn ctnn thp pn7\rmntip rpnrtinn trvncin inhibitor cnliitinn frnrn envhpati ic iiqpH 

•±S « _K_ I^T U %■ V^ l^y %.AA»^- VAA*J J A AAV* l-AV A %/V«V VA X^T AAB VA J M "^ AAA 111111 »^ A VV^l ±J V^ A V* VA ~*^f A A A. A "W A A A U V > »^ VVi^ A U V* U '•t^ ^* * 

The inhibitor solution is dissolved in serum-free medium (DPBS, w/o Ca 2+ , 
Mg 2+ ) at a concentration of 1 mg/mL. Sterile filtration of the solution should be 
performed beforehand using a 0.2-|im cellulose acetate membrane. The luer-lock 
adapter is used once again to instillate trypsin inhibitor solution. 

6. The vein is reopened allowing the HUVEC solution to be collected in a 50-mL 
Falcon. The vein is flushed approx 3 times using the inhibitor solution until the 
50-mL tube is filled completely. 

7. The solution is then centrifuged, and after discarding the supernatant, the cells are 
resuspended in endothelial cell growth medium (ECGM; PromoCell, Heidelberg, 

vj^iiiiaiiV^ wiui a iwh vuiiLtnu ui ivo y^ /vj. 
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O. DC1UIC USC, U1C UU1LUIC HUSKS (UC UUcUCU Willi 11U1U11CUU11 (l lllg/ JU 1111^; ill J/ L-, 

5% C0 2 for 30 min. 

Q Thp WTTVTiT^c nrp nlnrpH in n nilturp flncV fpithpr 9^ r-m^ rir RO r-nnA r-nnfpH 

with fibronectin. Half of the medium is exchanged three times a week until 
confluence is reached. 

10. After trypsinizing cells, they are resuspended in 1 mL trypsin inhibitor solution 
per milliliter of trypsin (see Note 5). 

11. Cells are then centrifuged at 400g for 5 min. As much of the trypsin inhibitor 
solution as possible is removed and the pellet is resuspended in serum-free 
medium (ECGM). 

3.4. CD34+ Pmnenitnr Cell Purifinatinn 



/ ~* i 



ine HULfJts are enncnea using tne mal^ system (ul»J4 selection 
Kit, Miltenyi Biotec GmbH, Bergisch-Gladbach, Germany) according to the 
manufacturer's instructions (see Notes 6 and 7). 

1. Briefly, HUCBCs are washed and resuspended in PBS, 0.5% BSA, and 5 mmol/L 
EDTA. 

2. Cells are first incubated with QBEND-10 antibody (mouse anti-human CD34) in 
the presence of human IgG as blocking reagent to minimize unspecific antibody 
binding. 

3. After one cell wash, another incubation step with 100 [xL MACS microbeads 
per 10 8 cells follows. Labeled cells are loaded onto a column installed in a 
magnetic field. 

4. Trapped ceils are eiuted after removal of the column from the magnet. 



3.5. Methylcellulose Progenitor Culture 

1. As described, 1 x 10 5 HUCBCs or 1 x 10 3 CD34-enriched HUCBCs are plated in 

c\ rnrrmlpfp mpfhvr'plliilncp mpHiiim r-nntninina TlVTTilVr with ^0% PR^l ^ TT/mT 

b-1 WJ.Hk/J.V I.V J. JLJLV l-J-JL J >^ VJ.-L Vf-JL'Vy LJ V JL JL JL ^^ ^* JL Vt-JLJLJL VV/J.A l-WJL JL JL JLJL JL «■. JLJ. T JL J—^ J. T J. fT J t^JLJL w* \_T / f J. J—* 1 K-^ • •^ ^^ / JLJLJLJL-^rf 

erythropoietin, 50 ng/mL SCF, 20 ng/mL GM-CSF, 20 ng/mL IL-3, 20 ng/mL 
IL-6, and 20 ng/mL G-CSF (Methocult GF H4435; Stem Cell Technologies, 
Vancouver, Canada). 

2. Cultures are incubated at 37°C and 5% C0 2 . 

3. The cultures are assessed at d 12-14 for the presence of burst-forming unit- 
erythroid, colony-forming unit-granulocyte-macrophage and mixed colony- 
forming units (see Note 8). 

3.6. Expansion Cultures 

1 . The HUCBCs are cultured in 25 -cm 2 flasks containing 10 mL serum- free medium 
(CellGro SCGM; Cell Genix, Freiburg, Germany) at 37°C and 5% C0 2 for 8 d. 

.<-. J. J.V.HJ.Llll^U OLXVJ111CI VJX ±±»^ V 1^\^0 CtJ-V UOV^U CIO 111C -L\^V^V_IV^J- 1CIJVJ-. XJlUVVlll laviui 

cocktail 1 contains 300 ng/mL SCF (Amgen, Munich, Germany), 300 ng/mL 
FLT3-lipand. np/mL IL-3 50 (R&D. Mannheim. GerrrmnvV 
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3. An alternative cocktail contains the cytokines of cocktail 1 supplemented with 
G-CSF 450 ng/L (Amgen), 100 ng/mL IL-6 (R&D) and 1 U/mL erythropoietin 

fR/CrD^ M(TnF f AmaprA ic c*r\r\e>r\ at pnnppntratinnc of 25 ^"^ 100 na/mT 

4. Unselected and CD34-enriched HUCBCs are cultured at 5 x 10 5 and 1 x 10 4 /mL, 
respectively. 

5. After the 8-d culture period, cells are washed twice with PBS/0.5% HSA at 600# 
for 10 min and are then stained using the antibody combinations mentioned 
in Subheading 3.8. 

3 J. Transwell Cultures 

Tn test the influence of stroma contact. six-well-Dlates fNTTNC Wiesbaden 

Germanv^ can be used. The culture dishes are separated bv a micro^orous 
0.2-^im Anapore membrane. After establishment of a stroma layer in the lower 
culture compartment, the purified HUCBCs can be injected into the unoer 
chamber to test for the role of stroma contact or soluble factors. 



r r 



3.8. Flow-Cytometric Analysis 

Analysis of the CD34 content of all samples before and after culture is 
performed with FACS SCAN (Becton Dickinson, San Jose, CA) using a class 
III CD34 antibody HPCA-2-PE (Becton Dickinson) and standard software 
LYSIS II. Double color staining and analysis are performed for all samples 
using me ronowing anuooaies: anti-^u4i-rnu, anti-i^uje-niu (uouiter- 
Immunotech Diagnostics, Miami, FL) and anti-CD117-PE (c-kit) (Serotec, 
Eching/Munchen, Germany). Double staining of CD34/CD38, CD34/CD117, 
and CD34/CD41 is performed to quantitate progenitor subsets. Early hemato- 
poietic stem cells are defined as CD34 positive and CD38 dim. Megakaryocyte 
progenitor should coexpress CD34 and CD41. 

To test for viability, propidiumiodide (PI) staining is performed after all 
cultures. Annexin is used to determine the percentage of apoptotic cells. PI—/ 
Annexin+ events define early apoptosis, whereas PI+/Annexin+ signals are 
counted as late apoptosis. 

4. Notes 

1. Two to three charges of heat-inactivated (30 min in a water bath at 56°C) FCS 
have to be screened for support of adherent and suspension-cell cultures before 
being used in serial experiments with stroma cells or HUVECs. 

2. The Anapore membrane used in Transwell cultures does not allow cell migration 

3- urn polycarbonate membrane, which allows cell migration from one to the 
other chamber. 
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Fig. 1 . The bars represent the expansion factors reached in six experiments compar- 
ing either CD34-enriched or unselected HUCBCs of the same origin. CD34 purity of 
each starting sample is provided on the x-axis. 



3. If cells do not lift off within 5 min the flask can be agitated (rapped) physically 
to make the cells detaching. Longer incubation with trypsin will deteriorate 
cell viability. 

4. Only single stroma cells should detach from the layer after incubation with 
trypsin; if the whole layer detaches, the viability of the stroma cells will be 
reduced. 

5. Treatment with trypsin, EDTA, and further maintenance of the HUVEC cultures 
is performed as mentioned for stroma cells, but the incubation time for trypsin 
should not be more than 1 min for HUVEC compared to 3-5 min in the case 
of marrow stroma cells. 

6. The first run on the immunomagnetic column leads to an enrichment of CD34+ 
cells up to 20-40%. A second run increases the purity to more than 95%. 

7. CD34 enrichment significantly enhances the expansion potential of HUCBC. 
Figure 1 compares the expansion factors of CD34+ cells with and without 
immunomagnetic pre-enrichment. 

8. Colony-forming assay of cord blood cells should be scored after 12-14 d. 
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Ex Vivo Production of Cord Blood CD34+ Derived 
Myeloid Precursors After Serum-Free Static Culture 

Sergio Querol 



1. Introduction 

Cord blood (CB) transplantation is an increasingly used source of hemato- 
poietic progenitor cells for allogeneic stem cell transplantation (1). At birth, 
blood sequestered into placental vessels can be recovered by draining the 
cord vein into a closed system. A mean recovery of 90 mL of placental blood 
is obtained, containing an average of 4 x 10 6 cells expressing the CD34 
antigen. The clinical series published analyzing this transplant modality 
showed potential advantages in comparison with other sources (2,3). CB has 
demonstrated higher allogeneic tolerance across HLA barriers, with lower 
incidence of graft-versus-host disease maintaining the antitumoral effects. 
Moreover, the easy procurement of the blood without donor risk and the storage 
in banks of large quantities of products, fully characterized and ready to use, 
make it attractive for clinical application. However, the appearance of early 
events related to the delay of myeloid engraftment has resulted in a higher 
transplant-related mortality during the first month after infusion. This delayed 
engraftment is related to the limit number of myeloid progenitors contained in 
a common CB donation. Nevertheless, the overall survival in the global series 
is comparable between CB transplants and those using postnatal bone marrow 
as a source of stem cells (4), 

A cell therapy approach to increase the probability of early engraftment is 
the ex vivo production of multilineage myeloid precursors through expansion 
cultures of a CB unit fraction (5-7), This chapter deals with the methodology 
for the generation of transplantable myeloid precursors in a serum-free static 
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culture using clinical-grade reagents. In vitro maintenance of hemopoiesis 
has been achieved in Dexter-type long-term cultures. Cell-to-cell interaction 

* "i * i * i i i* i * i 1 1 

witiim trie stroma mcnes anu cytokine production oy accessory cens promotes 
stem cell survival, self-renewal, and proliferation/differentiation waves during 

„„, T 1 j-1,„ „-C „„1+ ZO\ T't,., A~£Z~:*-1 ~f+U~ 1 4- 1 ~4-l ~ +U„,„. T „ 

ISCVtliU lllUllLllt) Ul UU1LU1CS) \OJ. 1 11C UC11111L1U11 Ul Lilt lltllliALULJUltLlL; JJiUllWiiy S 

and the cytokine-mediated proliferation and differentiation events has suggested 
me uQiiiiiuuii ui expansion cultures intended iui generation ui large quantities 
of progenitor cells (9). Several authors have published the cytokine's ability 

lu piuiiiui^ uic; »lc;iii cc;n maintenance; anu CApan&iun 111 &Liuina-i±cc; C/Uituic;a 

(10,11). Based in these findings, protocols avoiding the use of proteins of 
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aplasia period. In this chapter, our experience in developing a clinical protocol 



KJLL \^±J ^^VpClllOlWll Will V\^ piV^OV^HH^ia. 
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2. 7. CB Products 

1. Collection: Cord blood samples were collected from term deliveries; previous 
informed consent of the mothers was obtained. Immediately after delivery and 
while the placenta was still in the uterus, the umbilical cord was clamped and 
sectioned and the umbilical vein punctured. Blood was drained by gravity into a 
blood collection bag and processed within 24 h of collection (12). 

2. Cryopresevation: Cord blood cells were ciyopieserved in a controlled-rate 
freezer. The cryoprotectant solution contained a final volume of 10% dimethyl 

cnlfrwiHp mMSir^ *nr\ 1 <% rWtrnn fmnWnlnr wpioht TMW1 AO flfim 

3. Storage: Samples were stored in PL269 plastic bags (Cryocyte-50 mL; Baxter 
Healthcare, Deerfield, ID and placed in liauid nitrogen for long-term storage. 

2.2. CD34+ Selection Regents 

1 . Recombinant human deoxyribonuclease I (Pulmozyme®, F. Hoffmann-La Roche 
Ltd, Basel, Switzerland) (13), 

2. Magnesium chloride (Braun Medical AG, Emmenbrticke, Switzerland). 

3. Dextran-40 (Rheomacrodex®; Antibioticos Farma, Madrid, Spain). 

4. Human albumin (Instituto Grifols, Parets del Valles, Spain). 

5. Ca 2+ /Mg 2+ -free phosphate-buffered saline (PBS) (Braun, France). 

6. Sodium citrate (Baxter Deutchsland GmbH, Unterschleissheim, Germany). 

7. CD34+ selection kit (Isolex® 300 Stem Cell Reagent Kit, Baxter Healthcare). 

z.o. uuiiure neagenis 

1. CellGro® product line (CellGenix, Friburg, Germany) comprised a standardized 
serum-free medium for optimal growth of human hematopoietic progenitor cells 
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(IL)-6, fetal tyrosine kinase-3 ligand, thrombopoietin stem cell factor. 
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2.4. Materials for Progenitor Assessment 

1. Methylcellulose-based media (Methocult GF H4434; Stem Cell Technologies, 
Vancouver, Canada). 

2. MegaCult ™ - C (Stem Cell Technologies, Vancouver, Canada). 

3. Monoclonal antibodies are used for immunofluorescence analysis: phycoerytrin 
(PE)-labeled anti-CD34, clone 8G12 (HPCA-2; Becton-Dickinson, San Jose, 
CA); fluorescein isothyocyanate (FITC) -labeled anti-CD45, clone Kh56 (Cyto- 
stat; Coulter Corporation, Miami, FL), and an isotypic control (PE-IgGl, Becton- 
Dickinson). 7-Aminoactinomycin D (7-AAD) is used as a viability marker. 

3. Methods for an Expansion Culture 

First, we need to define the objective of our culture. Expansion means 
amplification, the generation of a defined type of cell through culture of starting 
cells obtained from a progenitor source. In our case, cells required are those 

: ,j.„j ;„ ±u~ i, 7 j f* ~-P i , T1 <-~ a ~i„+~i~^ t\ ~~n„ 

111VU1VCU 111 L11C Cclliy piUUUULlUll Ul glClllUlUUyLC illlU piClLClCLt). 111CSC CC115> CllC 

monitored by their expression of CD34 antigen and their ability to generate 

L/Uiuinc;a in a^iinauiiu insula. 

The strategy is to use a part (i.e., one-quarter) of a CB unit to obtain a high 
amount ui coniiiiiLLeu pujguniiAjid, lu coiiiiuse wilii me resi ^uuLu-LjuaiLuiay 

vj± tnu \^jj wiuiwuL iiianipuiativjii luiiiaining, iv^apvjiiaiuiL/ iui tuv^ pv^iiiiam^iit 

engraftment and alloreactivity. 
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ate media (horse and fetal calf serum, corticoids, and enriched media as Iscove's 
(stroma) is developed, adhered to the plastic, and hemopoietic stem cells divide, 

rvrrv1ifpkT"cit(=k onrl Aiffc*ir(±ir\t-i<zt(± rlnnnrr c(±\T(±-t"*\ tnAntlic ITcinrv annrnnnatp r»\/tr\Vir»PkC 

several authors have published the long-term maintenance of hemopoietic 

ct«=»m r'P'llc ^T-T^ir^c^ in ctrnmn-frpp m^rlici Tnic rkKc^rA^ntirin mciV^c nncciKI^ tn^ 

U»->^iiX V/V^i-LO \ A ikJ >w^LJ I 111 U l-X V111M 11VV 111VU-1I*. AXAAU Vl/UVl TH,HV^-ll 111W1VVU UVUJ11/1V U1V 

definition of an ex vivo strategy for the generation of cells, easy to scale-up, and 

Qtc\nr\c\rr\\7(*r\ in Hiffprpnt r*pll thf*rc\r\\r IfibrirQtrkrip'C 
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3. 7. CD34 Selection (see Note 1) 

1. Cord blood units are thawed bv direct immersion in a water bath at 37°C. 

2. Immediately after thawing, 2500 UI recombinant human deoxyribonuclease I 
(rhu-DNase), and 300 \xL of 0.5 M magnesium chloride (MgCl 2 ) are added. 

3. Dimethyl sulfate is washed, adding an equal volume of dextran/albumin solution 
(5% [v/v] dextran and 2.5% [v/v] human albumin) and then centrifuging at 4°C 
and 400g for 15 min. 
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4. The supernatant is removed using a plasma extractor, and cells are resuspended 
in a Ca 2+ /Mg 2+ -free PBS containing 1% (v/v) human albumin, 0.5% (v/v) human 

immiinnolnhnlin 7^ TT rhn-TWncp/mT 10 11T nf 5 M/mT AAoC}~ nnrl ^<% 

sodium citrate (selection buffer). 

5. CD34+ cells are then selected by a direct immunomagnetic approach using a 
currently available commercial kit (Isolex 300 Stem Cell Reagent Kit; Baxter 
Healthcare). (See Note 2). 

6. Immunomagnetic beads (IBs) coated with a sheep anti-mouse IgG polyclonal 
antibody (SAM-M450) are incubated with the 9C5 anti-CD34 IgG monoclonal 
antibody, for 30 min, at a ratio of 10 7 IB/jig of 9C5 MoAb. 

7. Excess MAb is then washed off and the sensitized IBs are resuspended in 4 mL 
of the selection buffer and incubated with the thawed ceils for 30 min in the 

isuitA-Ju ^uiuinii ^uaAiti iit;ai invent; J 111 muw dgllalion {*+ v^viva/ 111111^. niv icuiu 

of cells to sensitized beads is around 2 x 10 9 IB/CB unit. 

8. Unbound cells are eluted in the Isolex-300-SA device usin<* adapters for the 
Isolex-50 column after three washes with the selection buffer. 

9. Cells are released from beads by incubation with a releasing peptide for 30 min 
(PR34+ Stem Cell Releasing Agent; Baxter). 

10. The CD34-enriched cell fraction thus obtained is eluted (two washes) using 
serum-free culture medium (SFM) and collected in the expansion bags. The 
whole process is performed at room temperature in a closed system. 

3.2. Expansion Culture (see Note 3) 

1. Cells from the CD34+-cell enriched fraction were adjusted at 25,000 cells/mL 
and cultured at 37°C and 5% C0 2 up to 2 wk in serum- free media (SCGM) 
supplemented with recombinant human cytokines (see Note 4). SCGM has been 
tested previously to use and compared with the culture performance using fetal 
calf serum. Table 1 shows the expansion rate of CD34+ cells using both media 
(see Note 5). 

2. Cytokines used depend on the objective proposed. The need to generate high 
quantities 01 Hemopoietic progenitors maKe it necessary to use 01 cytokine 
cocktails with synergistic effects, acting at the early and late stages of the 

hprnrvnnipQiQ nathwnv Pnrmnnn iiqpH pvtnVinpQ in PYrancinn niltiirp nre* cIptyi 
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cell factor (SCF), fetal tyrosine kinase-3 ligand (FH3-L), thrombopoietin 
(TPO), interleukin-6 (IL-6), and interleukin-3 (IL-3). Also, addition of granulo- 
cyte-macrophage colony- stimulating factor (GM-CSF), granulocyte colony- 
stimulating factor (G-CSF), and erythropoietin (EPO) can be considered. We 
have finally accepted SCF, FLT3-L, IL-6, and TPO as the best option (see Note 
6). This combination promotes a maintenance of immature cells assessed in long- 
term cultures (cobblestone-area-forming cells) and multilineage expansion of 
progenitor cells. The use of IL-3 remains controversial. These cytokines are also 
provided by CellGenix; after testing they were used in clinical protocols. 
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Table 1 

Fold Expansion of Nucleated Cells (NCs), CD34+ Cells, CD34 bri 9 ht 
Cells, and Colony-Forming Cells (CFCs) in the Presence of Serum 
(IMDM + FCS) or in its Absence (SCGM), After 6 d of Ex Vivo 
Expansion of CB-Derived CD34+ Cells in the Presence of SCF, IL-3, 
and IL-6 (50 ng/mL Each) 







Fold 


expansion 




Culture medium 


NCs 


Total CD34+ 
cells 


CD34 bright 
cells 


CFCs 


IMDM+ FCS 

CellGro SCGM 


18 (±10) 

17 (±7) 


9 (±7) 
11 (±6) 


4 (±4) 

4 (±2) 


13 (± 15) 

14 (± 9) 



Note: Mean and standard deviation of 10 experiments. 



3. Cells were expanded either in wells, flask, or cell culture bags, at a defined 
environmental conditions (see Note 7). Bags used are semipermeable Teflon bags 
(American Fluoroseal Corp, Columbia, MD) (see Note 8). 

4. Expansion cultures were monitored using cell counts, viability, colony-forming 
unit (CFU) assays and flow cytometry analysis for antigen expression (see 
Note 9). 

3.3. Progenitor Assessment 

3.3.1. CFU Assay 

1. Cells are seeded in a methylcellulose-based media (Methocult GF H4434; Stem 
Cell Technologies, Vancouver, Canada) at 0.5 x 10 3 cells/mL for the CD34+ 
fraction and at (l-5)xl0 3 cells/mL after 1-2 wk expansion, 

2. After culture at 37°C and 5% CO2 for 14 d, cells are scored for the presence of 
CFU-GM, and erythroid and immature myeloerythroid colonies (BFU-E/CFU- 
Mix) (see Note 10). 

3.3.2. BFU/CFU-Meg Assay 

1. Progenitor-derived megakaryocyte (CFU-Meg) colonies are grown in Mega- 
Cult-C (Stem Cell Technologies, Vancouver, Canada). MegaCult-C is a collagen- 
based system. The collagen has a final concentration of 1-2% at 37 °C. The 
medium contains the human recombinant cytokines: 10 ng/mL IL-3, 10 ng/mL 
IL-6, and 50 ng/mL TPO, 1% bovine serum albumin, 10 ng/mL bovine pan- 
creatic insulin, 200 jxg/mL human transferrin, 2 mM L-glutamine, 10 -4 A/, 
2-mercaptoethanol in IMDM. 

2. The samples are grown in double-chamber slides and incubated at 37 °C with 5% 
CO^ in humidified air for 10-12 d. 
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j. Anci uiaL, uic uiimiiuci snucs aic ueiiyuitueu miu hacu wiui incuicuiui/ciuciuiie 
(1:3) for immunocytochemical staining. CFU-Meg colonies are identified by 
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linked to a secondary biotinylated antibody-alkaline phosphatase avidine 
conjugated detection system. 

3.3.3. Flow Cytometry Analysis (see Note 11) 

1 . The following monoclonal antibodies are used for immunofluorescence analysis: 
PE-labeled anti-CD34, clone 8G12 (HPCA-2; Becton-Dickinson, San Jose, CA); 
FITC- labeled anti-CD45, clone Kh56 (Cyto-stat, Coulter Corporation, Miami, 
FL), and an isotypic control (PE-IgGl; Becton Dickinson). 7-Aminoactinomycin 
D (7-AAD) is used as a viability marker. 

2. Aiiquots of (1-5) x 10 5 ceils/tube are stained for 15 min, at room temperature 
in the dark, with MAb and washed in PBS with 0.1% bovine serum albumin 

3. For analysis, an initial gate is used to exclude 7-AAD+ dead cells and CD45- 
negative events. The number of viable events CD34+/CD45 low/side scatter low 
are considered as CD34+ cells (see Note 12). 

4. The percentage of CD34+ cells is calculated dividing the CD34+ by the total CD45+ 
events. An isotypic negative control is used to determine CD34+ positivity. 

\j.-r. KsllllHsCtl EA.JJ& fcrfftrC? 

Following this protocol, we have selected and expanded five CB units for 
clinical purposes using Teflon bags for culture. Five patients have received a 
CB unit, ex vivo expanded using 20 ng/mL IL-3, 100 ng/mL SCF, 100 ng/mL 
TPO, and 300 ng/mL Flt-3 ligand. Mean purity obtained was 65 ± 16% and 
recovery of CD34+ cells from the fresh CB unit was 65 ± 14%. Nonspecific 
loses of cells were 14 ± 17%, and total CD34+ cells were recovered in the 
positive and negative fraction of 78 ± 17%. This represents a loss of about 
22% of CD34+ cells in tubing and clumping during the procedure. Over- 
all expansion after positive selection in these five clinical experience was 
7.16 ± 4.8 for total NCs, 9.5 ± 8.9 for CD34+ cells, and 6.9 ± 5.5 for CFU-GM. 
Clinical results have been recently published (14) (see Note 13). 

4. Notes 

best starting cells for an optimized expansion. CB stored in CB banks, ready- 
to-use. is oerirjheral blood of fetal origin consisting of 50% eranulocvtes. 40% 
lymphocytes, 5% monocytes, and 5% erythroblasts. The mean concentration of 
CD34+ cells is 0.30%. After thawing, the major part of granulocytes die, and 
the cells recovered consist of a mixture of 80% lymphocytes, 10% monocytes, 
and 10% erythroblasts, with a higher concentration of CD34+ cells (0.50%). 
Expansion condition directly using these cells in static cultures show a subopti- 
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expansion of colony-forming units is as high as 10 times comparing the starting 
population. As the overall recovery of CD34+ cells after positive selection in 
this situation is around 50%, the overall gain of this procedure is five times the 
net generation of committed progenitors (CD34+ cells or CFU-GM). The reason 
for the best control of expansion in this situation is a better definition of culture 
conditions (after CD34+ selection, only external cytokines are responsible for 
the culture kinetics), in contrast to the presence of high quantities of mature 
cells able to secret inhibitory cytokines affecting the development of the culture. 
Moreover, ceil concentration in bags can affect the expansion kinetics by an 

-a *-h l^-i t^-t 4-i s-^*-\ T^-v-ft* rtrtl I 4-s-**. aaI I s-\ s-^*-\ 4-n s~\4- 

iniii uiiiuii iui wdi-iu-v^c;ii wuiiuavi. 

2. Standardization of a positive selection protocol using thawed CB cells is dif- 
ficult Wp have recently nublished our annroach in solving this nroblem Thp 
method recommended is that based in a direct immunomagnetic protocol using 
commercially-available product such as Isolex-300i from Baxter. Using this 
method, the recovery and purity of CD34+ cells is 69 ± 16% and 52 ± 12%, 
respectively (15). 

3. Stroma- free, serum- free, static culture: Culturing in external, fully controlled 
conditions make it possible to adapt culture to GMP rules for cell production. 
In our case, we have previously defined the objective and conditions of our 
expansion culture. The main objective of expansion is to decrease both the 
neutropenia period and the neutrophil nadir after the conditioning regimen in CB 

tf nil pnl intnti rtii \4rr£il mr\ nfrtrtam +r\ra nn/i -rv<»ia/-»Ti-**r<i-v«*r< ifa r\r\trii tt£\s-\ a-v Am7f\ Ti~r\rn 
lldllOJJlCUllallUll. IVXJV^H^lVa p.LWg\^±±±HJ.LC> anu piv\^uiouio CU-V^ WUlCU±±V^V_l VA V1VVJ 11U111 

CD34+-selected cells. The culture is based in a stroma-free strategy, using media 
and cytokines with proteins of human origin. Cells are cultured in semipermeable 
bags in an incubator with gas and temperature controlled. 

4. Reagents used in our laboratory are supplied by CellGenix (Friburg, Germany). 
The CellGro product line comprised a standardized serum-free medium for 
optimal growth of human hematopoietic progenitor cells (SCGM) and GMP- 
grade cytokines for the optimal growth support. These reagents can be obtained 
from other companies (i.e., Amgen, Thousand Oaks, CA). 

5. The use of serum-free medium results in a lower coefficient of variation, 
warranting similar progenitor amplification. Quality controls include sterility, 

pn, usinuiaiiiv, ciiuuiuAin icsungs, as wen as ^cn piuiiiciauuii, viaunnv, anu 
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primary cultures. 

6. Cvtokine combination: Cvtokines used in expansion cultures are selected fol- 

^ j i 

lowing their action at hemopoiesis regulation. Cocktail design must consider 
the use of early- acting cytokines with function at the stem cell level, promoting 
the survival of cells in vitro and activating their proliferative responses. The 
most important cytokines at this level are Flt3-ligand and TPO (16,17). Synergy 
between cytokines at this level increases the effect substantially. The addition 
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the overall amplification of CD34+ cells after a 6-d expansion of CB CD34+ selected 
cells using different cytokine combinations or serum alone. S (SCF). 3 (71.-3). 6 (TL-6). 
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G (G-CSF), F (Flt3-L), and T (TPO). 



of SCF increases even more the amplification of CD34+ cells. On the other 
hand, productive capacity of multilineage progenitors of our cytokine cocktail 
should be considered. Erythroid, myeloid, and rnegakaryocytic progenitors can 
be produced using a cocktail consisting of SCF, Flt3-L, TPO, and IL-6. Figure 1 
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of late-acting cytokines such as G-CSF or EPO is centered in their effect on 
the cellular maturation (higher viability after more than 6 d of culture) and 
in the antiapoptotic signals on specific lineage progenitors (granulocytic and 
erythroid). 
7. Environmental conditions: After CD34+ cell selection, expansion culture starts 
fixing the initial cell concentration around 10 4 /mL. The media used contains 
inorganic salts, amino acids, vitamins, glucose, and buffers similar to enriched 
hemopietic media (i.e., IMDM) supplemented with human albumin and serum 
substitutes, basically transferrin, low-density lipoproteins, and insulin. Regula- 
tory agents useu are eany-acting anu late-acting cytOKine cocKtaiis. usuaiiy, we 
use cytokines at more than 10 ng/mL of concentration (saturating concentration) 
nnH feed with new cytokines everv 3 d in order to maintain a continuous 
presence of active cytokines avoiding apoptosis by deprivation. Media are 
added as necessary (expanding the culture volume) in order to maintain the cell 
concentration below 10 6 cells/mL. 
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Fig. 2. Expansion kinetics using SCF, IL-6, Flt3-L, and TPO. Typical curve after 
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During the first 10 d, an exponential curve is observed (induction phase). After this 
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culture. 



8. Physical support to perform culture are semipermeable bags. Teflon bags can be 
used to this finality because they prevent dehydration and support a excellent gas 
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interchange between the incubator environment (regulate ior \-\j2 at 5.5%) anu 
the internal part of the bag. These bags can be adapted to different tube systems, 
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a closed system, increasing the safety of the procedure. 
9. Expansion kinetics: In the expansion culture, two different phases can be 
distinguished depending on the amplification of cell observed. In the first phase, 
a net amplification is observed because of the proliferation wave from the stem 
cell compartment and the differentiation in the culture of the cell belonging 
to all compartments: progenitor, precursors, and mature cells. After 2 wk, all 
compartments are fully represented in the culture and the capacity to generate 
new cells depends on the stem cell expansion. Thus, in a model of stem cell 
maintenance, the predictive curve to be observed is the maintenance of the 

iiuniu^i ui uvjtT v^iia ui iiuwicaitu utna. 1111a ia uuacivcu uaing una wuv^jviaii ui 

cytokines. As shown in Fig. 2, after a phase of amplification, a maintenance curve 
is drawn and the expansion is onlv achieved as an accumulation of expansion 
and not as an expression of a higher content of progenitors in a specific control 
point. Using SCF, Flt3-L, TPO, and IL-6, amplification of CFU and CD34+ cells 
can increase up to 2 logs. 



360 Querol 

Table 2 

Phenotypic Characteristics of Cells Generated Using SCF, Flt3-L, 

IL-6, and TPO 









Day 











6 




10 


14 


% CD34 


95 


60 




20 


6 


% CD61 


15 


11 




18 


18 


% GlycoA 


3 


1 




7 


7 


%CD15 and/or CD lib 


17 


34 




45 


42 



10. Colony- forming-unit assessment shows a similar rate of amplification. Multilin- 
eage expansion can be demonstrated for different colony types. CFU-GM can 
be expanded up to 117 times at 2 wk culture. The megakaryocyte progenitor 
assessed in semisolid media has been expanded at a similar rate (139 ± 23). 
However BFU-Es reach the highest amplification at 6 d (around 20 times), then 
decreases unless specific lineage cytokines are added. 

11. Cell phenotyping: Cells generated during culture have different characteristics. 
At d 6, 50% of cells express the CD34 antigen and only 5% of them express 
CD34+ at d 14. Nevertheless, in absolute number, the culture continues produc- 
ing new CD34+ cells. The antigen distribution of nucleated cells representing 
the maturation of different lineages is showed in Table 2. Differentiation to 
granulocytic and monocytic lineages is predominant. Erythroid cells are a minor- 
ity in a cocktail without EPO, but a consistent generation of cells expressing 
CD61 antigen is demonstrated, indicating the presence of megakaryocytes. 

12. The viability of CD34+ cells is maintained during an expansion culture higher 
than 90%. However, on the overall population, viability decreases substantially 
after 10 d of culture, mainly by the generation of mature cells that die by 
apoptosis as their natural way or as a consequence of the absence of late-acting 
cytokines. 

13. For clinical use, several points must be taken into account: 

• Use of an optimized protocol for CD34+ selection from thawed CB cells 
adapted to small volumes in order to diminish the nonspecific losses of cells 
because of tube length. 

• Improve CD34+ cell recovery using a direct immunomagnetic approach, high 
ratio of immunobeads to target cells, and buffers containing DNase and citrate 
to prevent clumping. 

• Culture in tested serum-free media manufactured using GMP conditions and 
accepted for ex vivo use by regulatory agencies. 

• Define the environmental condition of the culture in terms of physical support, 
cell concentration, and feeding strategy: We use Teflon bags, with low cell 
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progenitor cell amplification, 2 wk of expansion seems to be the maximum 
recommended time evaluating the cost-risk-benefit of all procedures. At that 
point, 2 logs of overall progenitor cells expansion is achieved. 
• Develop the control test able to monitor the functional state of cells at every 
point of the culture. These analyses are based in flow cytometry antigen 
determination of CD34+ cells and subpopulation, and clonogenic assessment 
in semisolid media. Other assays such as long-term cultures or in vivo 
stem cells assays (non-obese diabetes severe-combined immunodeficiency 
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of the protocol. 

• Work in nnnrnnrintp controlled rnnms nsina closed SVStems and humnn- 

approved disposable reagents. A validated scale-up process must be avail- 
able before starting the clinical assay. This validation needs to evaluate the 
reproducibility of the selected method and to identify the process critical 
points. 
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Ex Vivo Expansion of Hematopoietic Stem Cells 

Beatriz Albella, Jose Carlos Segovia, Guillermo Guenechea, 
and Juan Antonio Bueren 



1. Introduction 

A number of studies have demonstrated the feasibility of amplifying the 
short-term repopulating progenitors in vitro and have shown the relevance of 
ex vivo expansion approaches in hematopoietic transplantation (1-3) and gene 
therapy protocols (4,5), In spite of the beneficial effects generally associated 
with ex vivo expansion strategies, a number of observations suggest that further 
studies on the biology of ex vivo expansion are required to facilitate the optimal 
implantation of this strategy in the clinics (6,7), In this respect, although in 
some instances data showing an impairment in the long-term repopulating 
capacity of ex vivo expanded grafts (8), ex vivo amplifications in other cases 
of very primitive progenitors have been observed (9), To prevent the prompt 
differentiation of the hematopoietic stem cells (HSCs) during the ex vivo 
expansion process, new combinations of early-acting cytokines have been used 
to facilitate the self -renewal divisions in the HSC compartment (1,10-12). 

Regarding the experimental assays used for evaluating the effects of ex vivo 
expansion, several in vitro colony techniques have been developed for studying 
the committed progenitors (13), However, the validity of in vitro assays for 
assessing the functionality of the true HSCs is still open to discussion. Both the 
CAFC (Cobblestone-area forming cell (14) and the LTC-IC (long-term culture- 
initiating cell (15) aimed at identifying the HSCs. However, a number of 
studies suggest that these assays are not capable of reflecting the functionality 
of the self-renewing HSCs (16). Currently, the most reliable procedures used 
for assessing the primitive hematopoietic repopulating cells are based on in 
vivo reconstitution assays. In the mouse model, the competitive repopulation 
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assay (CRA) is accepted as the most accurate assay for assessing the primitive 



HSCs (17). In the human system, the transplantation of human hematopoietic 
graits into immunoaencient mice is oroauiy accepteu ior tms purpose \±v). 
Both assays have been successfully used in a wide range of studies, including 
ex vivo expansion, hematotoxieity testing, and gene therapy (18—20). 

The present chapter is focused on the ex vivo expansion of hematopoietic 

giaiL;>, uuui nuin iiiuu^q cuiu iiuiiicuia, as wen aa un uic 111 vivu icpup mating 

assays used for testing the expansion rate of the different repopulating cells. 

2. Materials 

O i Fy l/ri//> FYnztnGinn of Murine Q/>na /lyfaffoiyi/ Comnfflo 

1. Mice: P3D2F1 (B6.SJL-Ptprc a Pep37BoyJ-CD45.1 x DBA/2-CD45.2) andB6D2Fl 
(C57BL/6J-CD45.2 x DBA/2-CD45.2). Breeding pairs, originally obtained from 
Jackson Laboratory (Bar Harbor, ME), were maintained under high hygienic 
standards in well- ventilated conditions, with a regulated temperature of 22°C, a 

1i rrht/rlarV n\m]c* r»-f 1 AAA tr\ 1 P1V/T inrith fr\r\r\ cmH \\TC\te*r nrl lihifuvn Animale ii/At*p 

routinely screened for pathogens according to FELASA recommendations. 

2. Iscove's modified Dulbecco's medium (IMDM) (Gibco Laboratories, Grand 
Island, NY). 

3. Fetal bovine serum (FBS) (Gibco Laboratories). 

4. Turk solution (2% acetic acid plus 0.01% methylene blue in water) and trypan 
blue (Sigma Chemical, St. Louis, MO). 

5. 25-cm 2 Tissue culture flasks (Nunc, Roskilde, Denmark). 

6. Hematopoietic growth factors (HGFs): recombinant murine stem cell factor 
(rmSCF) (4 U/mL), human interleukin- 1 1 (rhIL-11) (100 ng/mL), human 

nici^iupiiagc iiiin unuiy piuLcin-iut ^iniviir-njij i^iuu ng/iiii^j, anu nuiiiaii m-j 

ligand (rhFlt3L) (50 ng/mL). All are commercially available. 

2.2. Ex Vivo Expansion of Human Cord Blood Cells 

1 CnrH hlnnH fPR) rp.lls obtained from nmhiliral rnrd Klnnds scheduled for HisrarH 

and processed during the next 12 h postpartum. Samples were collected in 
heparin. 

2. Ficoll-Paque (1.077 g/mL; Pharmacia Biotech, Uppsala, Sweden). 

3. PBE: phosphate-buffered saline without Ca 2+ and Mg 2+ (Sigma Chemical; PBS - ) 
plus 0.5% (w/v) bovine serum albumin (BSA) (Fraction V; Sigma Chemical) 
plus 5 mM EDTA. 

4. Hematopoietic growth factors: rhSCF, rhFlt3L, and rhIL-1 1 at a final concentra- 
tion of 100 ng/mL. 

5. VarioMACS CD34 progenitor cell isolation kit (Myltenyi Biotech, Auburn, CA). 

7. Human albumin (Behring, Hoechst Iberica, Spain) and dextran-40 (Rheomacro- 
dex 10%: Pharmacia Biotech). 
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7. 25-cm 2 Tissue culture flasks (Nunc, Roskilde, Denmark). 
10. Flow cytometer EPICS XL (Coulter, Hialeah, FL). 



2.-3.. Competitive Repopuiating Assay in Mice 

i. ivnce r juzr i (i50.:>jj^-riprc"rep:r/i5oyj-^mo.i x uca/z-lu^d .z) ana couzr i 
(C57BL/6J-CD45.2 x DBA/2-CD45.2) (Jackson Laboratory, Bar Harbor, ME). 

/ D r\ 1 1 1 rt o A/Tli A. 1 } A Ti i"oir anmtMnant f lJl-ii lino Uoinmirfv rrarmorun 
Zj, a iiiupj hivj w'^-'-r /v"ittj v^yju.ijj'iiiviil ^a niiipi), iiuinuuig, v_j\^a±±±ci±±j J, 

3 . Monoclonal antibodies (M Ab) : phytoerythrin (PE)-conjugated antimouse CD45 . 1 
(clone A20: Pharmingen. San Die^o. CA) and fluorceine isothiocvanate (TITO- 
conjugated antimouse specific for T-cell (CD3), B-cell (B220), and myeloid 
(Gr-1) lineages (all from Pharmingen). 

4. Ammonium chloride lysing solution (0.155 mM NH 4 C1 + 0.01 raM KHC0 3 + 
lO^mMEDTA). 

5. PBA: PBS- IX + 0.1% BSA (w/v) + 0.02% NaN 3 (w/v). 

6. Flow cytometer EPICS XL (Coulter, Hialeah, FL). 

7. Propidium iodide (PI), 2 [xg/mL (Sigma). 

2.4. Evaiuation of Human Repopuiating Celis 

1. NOD/LtSz-scid/scid (NOD-SCID) mice (deficient in Fc receptors, complement 
function, natural killer cell B- and and T-cell function) were used as recipients of 
the human hematopoietic cells (Jackson Laboratory, Bar Harbor, ME). 

2. Philips MG 324 X-ray equipment. 

3. Monoclonal antibodies: antihuman-CD45-PECy5 (Clone J33, Immunotech, 

ai seine, n anue), anii-iiuiiiaii-v^.Lv:)H— re (aiiu-nrv^/\-z,, dcuiull i^iukiiisuii 
Immunocytometry, San Jose, CA), anti-human-CD 19-PE (anti-Leu- 12, Becton 

PlirVincnn^ r\irtr\ fmii-hiimfin-f^r^^— PP fnnti-T pii-IVFQ Rpr-tnn Fiir-Vincnn^ 

4. PBA: PBS" IX + 0.1% BSA (w/v) + 0.02% NaN 3 (w/v). 

5. Propidium iodide 100X (PI), 200 ug/mL in PBS~ IX (Sigma). 

3. Methods 

3. 1. Ex Vivo Expansion of Murine Bone Marrow Sampies 

1. Flush the bone marrow (BM) cells from the femora of at least three 8- to 10-wk- 
old donor mice P3D2F1 (B6.SJL-Ptprc a Pep3 b /BoyJ-CD45.1 x DBA/2-CD45.2) 
and resuspend them in IMDM supplemented with 20% FBS. 

2. Adjust ceil density to 2 x 10 6 ceiis/mL by counting the ceil suspension in an 
hemocytometer by 1/10 dilution with Turk solution. 

a Ttir>nnota -frita r>ollci iintn 1— Tfito onyl l-i'Uv oiinrvlamanta/i T\/TTl\/T in OS i-^m-^ ticona 
^} . lHVUUttl^ U1V V\^±_LO VV±U± 11\J1 O M.11V1 A ±JVJ~0\JLlJlJL\sllL\sLH,\s\Jl 11»11>1»1 ±i± Zj«^' _ V'±11 uoouv 

culture flasks (Nunc, Roskilde, Denmark). Suspension cultures are maintained 
in incubators at 37°C and 5% CCK in air. If cultures are maintained for more 
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blue, and mix an appropriate number of cells with equivalent number of normal 
BM cells from B6D2F1. 
5. Transplant the cells into irradiated recipients B6D2F1. We usually perform 
clonogenic assays for CFU-GM progenitors as a control of the capacity of 
expansion of the BM (see Note 1). Although in vitro expansion cultures of murine 
BM cells can be maintained through at least 1 mo, our observations indicate that 
the best repopulating results are obtained during the first week. 

3.2. Ex Vivo Expansion of Human Cord Blood Cells 

M - - - - - - - ___ ______ 

1. wuicuii iinjuwiiuvi^ai v^iia v. iVA1 > v ^^^ liUIIl _-_» v^^na uy ±ay^±±i±g uit uiuuu 

(2 volumes) onto Ficoll-Paque (1 vol) and centrifuge at 400g for 30 min. 

2. Remove the layer in the interface, dilute it 1 : 5 with PBE and centrifuge at 
400g for 15 min. 

3. Discard supernatant, wash the cells again, and resuspend in PBE at a final 
concentration of 1 x 10 9 cells/mL. 

4. To purify CD34 + cells, subject the mononuclear fraction to immunomagnetic 
separation, using the VarioMACS CD34 progenitor cell isolation kit, according 
to the manufacturer's recommendations. Evaluate the purity of the CD34 + 
population by flow cytometry. 

5. Cryopreserve CD34 + cells in liquid nitrogen using IMDM supplemented with 

1U7C Ul I^IVIO W ClllU _U7C ui roo Ulllll U5C. 
f-\ T^rioiT/ I^Tia/I ' r>_llo o/>nAr/iinn tr\ on Antitni 70/1 r\r r\+ r\ r> r\\ l/l\ TJnaflir /~liliif_ 

cells 1 : 1 with IMDM containing 2.5% human albumin and 5% dextran-40 and 
maintain at room temnerature for 10 min. 

7. Dilute cells with IMDM plus 10% FBS and centrifuge at 800# for 15 min. 

8. For expansion protocols, incubate thawed CD34 + cells in 25-cm 2 tissue culture 
flasks at a maximum of 2.5 x 10 4 cells/mL (5 x 10 3 to 2.5 x 10 4 cells/mL) 
in IMDM containing 20% FBS, rhSCF, rhFlt3L, and rhIL-11, all at a final 
concentration of 100 ng/mL (see Note 2). After 6 d of incubation, collect cells 
for assessing the content in CFC (colony-forming cells) progenitors (see Note 3) 
and the ability to reconstitute NOD-SOD mice. 

3.3. Competitive Repopulating Assav in Mice 

1. J.W^lL»lV_llO ^JJVJ_ 1^1 1 llllVV^ VJ1 UU11U lllClll^VV gltl_lO Cll V lWlCtl - U^uV IX J. ClVJ-lCllVsU Willi 

a fractionated dose of 10 Gy (two doses of 5.0 Gy spaced 4 h apart; dose rate 
1.03 Gv/min^ using Philins MG 324 X-rav equipment at 300 kV and 10 mA. 
Earlier studies have revealed the myeloablative properties of this irradiation 
regimen (22). 
2. Transplant the chimeric population of BM expanded cells (test population 
from P3D2F1 mice) and fresh nonmanipulated cells (reference population 



Hematopoietic Stem Ceil Expansion 367 

1IU111 DUUZ,n llllUCJ 111LU ICU1JJ1C111S. llclllSJJIilllUUlUll IS JJCI1UI111CU UlUlUUgll 

intravenously injection into lateral vein. We routinely mix equivalent fractions 

nf fpmnral TWA frnm Knth cnnrr-pc rpanrHlpcc nf flip py vivn PYrmncinn vnlnpc 

obtained after culture. We generally transplant each recipient mouse with 2 x 
10 6 fresh cells from the reference population (CD45.2/CD45.2) together with 
the product generated by the expansion of 2 x 10 6 cells from the test population 
(CD45.1/CD45.2). The use of Fl animals instead of the original congenic strains 
increases the survival after the radiation conditioning regimen (see Fig. 1A). 
3. At periodic times up to 1 yr after transplantation, obtain 200-fxL samples of 
peripheral blood (PB) from the tail vein of recipients and mix with 20 \xL of 0.5 
MEDTA pH 8.0 to avoid coagulation. The analysis of PB samples at 20 d, 1 mo, 
3 mo, 6 mo, and 12 mo posttransplantation generates very direct information 

auuui uii^ jviii^u^a ui uic uiii^i^ni i^pupuiaung v^na uuinig uic ^a vivu tApaiiaiun 

(see Note 4). 
4 The comnetitive reoonulatine abilitv (CRA) of test samoles is deduced from 
FACS analysis of CD45.1 -positive PB cells using the anti-CD45.l MAb. For 
multilineage reconstitution analysis, dual-color immunofluorescence using a 
PE-conjugated antibody for CD45.1 antigen and FITC-conjugated antibodies 
specific for T-cell (CD3), B-cell (B220), and myeloid (Gr-l) lineages can be 
employed. 

5. Incubate 50 \xL of PB with the corresponding monoclonal antibodies for 30 min 
at 4°C in the dark. 

6. Lyse erythrocytes by addition of 2.5 mL of ammonium chloride lysing solution 
and incubation at room temperature for 10 min. 

/ \\/onr» /-»£illn ttti+Vi LJT3 A fiaoiipnon/i i n LJ13 A nlno O iift/tnT TJI n + mt-1 f/-v avr>lnrlQ /-lisi-fl-i 
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cells, and analyze in a flow cytometer. For analyzing the chymerism of the BM 
inocula, resuspend 5 x 10 5 BM cells into 50 n.L of PBA and then stain, lyse, and 
analyze as in the PB samples. 

8. Perform flow-cytometric analyses by a serial gating strategy (see Fig. IB). 
Briefly, a forward size scatter (FS) vs side size scatter (SSC) dot plot is set up 
and a gate is drawn to select only the mononuclear cells. This gate is applied to a 
second FL4 (675 ± 10-nm bandpass filter) vs FL3 (610 ± 10-nm bandpass 
filter) dot plot in which a new gate is drawn avoiding cells that appear as a 
diagonal, which are considered dead cells. Finally, both gates are applied to a 
third FL1 (525 ± 15 nm) vs FL2 (575 ± 10 nm) dot plot to analyze FITC and 

ru. iiuuics^cn^cs. iu csiciuiisii auLunuuic&cciiv^c signals, inciuuc samples iium 

iiuiuiui YJ\JVJ i—L 1_ C111V.I x Ji^/i^l x JlllvV uj d i u u 1111^ ill 111V- uuuij ou. v^unvvi ul xvLtOL 

10,000 events within the 2 consecutive gates per sample analyses. Off-line 
analvsis can be done with the WinMDI free software oackaee fhttD://www. 

J j. c v x 

cyto.purdue.edu/flowcyt/software/Winmdi.htm). 

9. When 1 : 1 mixtures of the test and reference BM populations are used, data on 
CRA after 1 yr posttransplantation are deduced from the formula CRA CD45 { = 

&CD45. 1/100 - %CD45.1.) x 100 (see Fig. 1C). 
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j. 4. evaluation 01 riuman nspopuiaiing usns 

1. NOD-SCID mice 6-8 wk old must be handled under sterile conditions using 
laminar-flow hoods and maintained under microisolators with autoclaved food, 
soft wood pellets, and cages. Recipients of CD34 + cord blood cells are total-body 
irradiated with a single sublethal dose of 2.5 Gy of X-rays. 

2. Transplant aliquots of slO 4 fresh CD34 + cells or the corresponding product 

rtQuafita/i n-rT£S»* a-v Amr/-\ £i -v *-\ o n n i /-\ tt in+/-\ itn'ininta/i IVTflTl vi^TTi mi^a flntimnl 

gv^nvicix\^v_t tixiv^j. v^a vivw v^Apctnoi^ii iiiiw iiicnaiciiv^vi IN v^j-^-wj^-lj-/ 1111CC v^pnnicu 

results are obtained by injecting 10 5 CD34 + cells. In our experience, the capacity 
of reconstitution of NOD-SCID mice is markedly impaired if less than 10 4 
CD34 + cells are transplanted. 

3. Test the presence of the human hematopoietic cells in NOD-SCID recipients in 
the BM of the recipient animals after 20, 40, 90, and 120 d posttransplantation by 
conducting small aspirates of femoral BM (see Fig. 2A) (19). 

4. Incubate aliquots of (2-5) x 10 5 cells/tube with antibodies directed to the human 
common leukocyte antigen CD45 conjugated with PE/Cy5 tandem for 25 min 
at 4°C. Stain additional aliquots with anti-human-CD45-PECy5 in combination 
wiin anu-numan-^uj^-m, anu-numan-^ui^-rii, or anu-numan-^ujj-m. 
Different subpopulations of human primitive (CD45 + CD34 + ), B-lymphoid 

/TnA^+rm Q+^ ar»H mveArAA fr^ZK+m^+^l /-^lle QrP sWorrmnoH with thr^c^ 

antibody combinations. After staining, lyse red blood cells, wash in PBA, 
and resusnend in PBA + 2 ue/mL PI. Bone marrow cells from transnlanted 

A I »— > A 

NOD-SCID mice and labeled with conjugated nonspecific isotype antibodies, 
and BM cells from untransplanted NOD-SCID mice stained with anti-human- 
CD45-PECy5 and CD34-PE antibodies are used as controls of nonspecific 
staining of human and mouse cells. For each FACS analysis, collect a total of 
(10-15) x 10 3 PI" cells. 

5. Use serial gating strategy as described for mouse PB analyses for the flow- 
cytometric analysis (see Fig. 2B). 

6. At the end of the experiment, kill the mice and analyze PB, spleen, thymus, 
and BM by flow cytometry for the presence of human cells. Perform cytometric 

nnnlveie nc Hpcr-rihpH frvr hnnp mnrrnw ncnirntinnc (vpp lVntf ^ Tn enmp r-ncp« 

U11U1J kjlU CLkJ ^*V^U V^A A KJ ^■''W*- A VA KJ X^AAW llltill ^J V V MU |_/AA Mt±V/J.lU \ LJfV AT ^_F »/^ ^ / * ill U V AAAW V^CLkJWO m 

it is of interest to estimate the potential of the sample to repopulate secondary 
recipients (23,24) (see Note 6). 



Fig. 1. (see opposite page) Competitive repojjulating ability assay. (A; Scheme of 
the protocol used for the transplantation of chimeric grafts into irradiated recipients. 

(T\\ PAfT^l nnnlveie chnwina thp afttina Qtrc\tc*a\T tnapthpr with c\ rpnrvnnlfitinn nrmlveie in 

\-M-T-f A A A"*^-*^ UllUlj U1U UAAX^ Y T AAA t^ l^AA^s *-, V* H -L J- fc-. U 1^ J. M I- V U j VVtVUlVl V T A HI W 1 Vk/ V L/UlUtlVll M-AAV*A> UXU AAA 

three hematopoietic lineages. (C) Computer-generated graph showing the CRA values 
that can be deduced according to the percentages of CD45.1 obtained in the cytometer. 
The lines represent three different mixtures of test and reference BM. 
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Fig. 2. Analysis of human hematopoiesis in immimodefricient NOD-SCID mice, (A) Picture of a femoral aspiration. A 
25-gage needle is inserted through ihe knee into the lemur of the recipient mouse. Bone marrow cells are aspirated with a 
1-mL syringe curtaining 100 jiL ol PBS . (B) Evaluation by HACS of the human hematopoiesis in Ihe BM of NOD-SCID 
mice- Upper row: analyses of" a conirul nontranspl anted mouse; lower row: analysis uf a mouse transplanted 120 d earlier with 
10 s human CDK + cells. 
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4. Notes 

1. Murine CFU-GM assay: Resuspend an appropriate number of BM cells (50,000 
celis/mL for fresh BM and 2500 celis/mL for expanded BM ceils) in IMDM 
supplemented with 25% horse serum (Gibco) and 10% Wehi-3b conditioned 

unguium, iiiijY wiui jjovuu-agai \\j.^> /v imai vuiiv^iniauuii, l/iilu, L/tuun, iv±j_y, 

and seed into 35-mm plastic tissue culture dishes (Nunc, Roskide, Denmark). 
Score colonies after 7 d of incubation at 37°C in a 95% humidified atmosphere 
with 5% C0 2 in air. Currently, CFU-GM assays can be easily performed in 
methylcellulose medium with recombinant cytokines from Stem Cell Technolo- 
gies (GF M3434; Vancouver, BC, Canada) according to the manufacturer's 
instructions. 

2. Some expansions are performed with other media and hematopoietic growth 
factor combinations. X-vivo 10 medium (BioWhittaker, Waldersville, MD) 
supplemented with l% bovine serum albumin (Boehringer-Mannheim, Germany) 
and 2 inM L-giutamine (Gibco-BRL, Burlington, ON) and StemSpan (Stem 
Cell Technologies) are specially designed serum-free media for culture and 

a v«o n c i nn r\T namotor\r\iatir< <">allo 1— lam o +r\inr\i afi r> rwr r\ii 7 i-\-\ for>trtr r* r\ m r\ 1 t-» o 
v^rvj^ciuoiv^i-L wx iivinui.ujjuiuuv' \^\^±±o. iivinawjjuivnv giuvvm xu-vn^i winuiiia - 

tions and concentrations are multiple; it is recommended to use of thrombo- 
noietin (TPO) in most of the exnansion procedures at doses ranging from 10 to 
100 ng/mL. 

3. Human CFC assay: MethoCult GF H4534 (Stem Cell Technologies) can be used 
for growing CFC progenitors. Cultures are kept under the same conditions as in 
murine CFU-GM, but colonies are scored after 14 d. 

4. When the behavior of the most primitive murine HSCs has to be confirmed, 
secondary recipients can be transplanted with the BM from primary recipients. 
In these cases, after 3 or 6 mo posttransplantation, harvest the BM of pri- 
mary recipients and transplant the total BM cells from one femur into one 
secondary recipient. 

S \r\\ne* \\j\i\\ q Irvii/ r\e*m(±t\tc\Cfe± nf human £»nm-Q-ftmAnt ae r\e±te±nte*r\ Irwr firm/ n\rtr\me±tr\T 

(<0.5%), can be also analyzed by Southern blotting using a human chromosome 
17- specific a-satellite probe (25). 
6. When BM cells from highly engrafted mice (60-90% CD45 + ) are obtained, it is 
possible to transplant the cells into secondary recipients in order to estimate the 
self-renewal potential of the human repopulation cell. In these cases, BM cells 
from primary recipients are incubated with X-vivo 10 medium supplemented 
with IL-6 (20 ng/mL) and SCF (50 ng/mL). After a 2-d incubation period, cells 
are analyzed for human CD45-expressing cells and injected intravenously into 
irradiated secondary NOD-SCID recipients. BM aspirations are done 20-90 d 

„-C+ +~„~ 1„~ + „ + : A~:~,„1~ „ Vi11o/-l ^ mr> -J ? + — +~„~~„i„~ + „ + : „~j +u~ 

clllCl 11 till Spiclll Lit UUll. /^llllllcllS cllC JS.111CU D 111U clllCl llcUlSJJlcllllcUlUll clllU 111C 

presence of human cells is analyzed by flow cytometry or Southern blot. 
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Large-Scale Ex Vivo Expansion 

of Human Megakaryocytes for Clinical Use 

Phil Lefebvre and Isaac Cohen 



1. Introduction 

This chapter will describe a method used to produce human megakaryocytes 
in vitro (see Fig. 1), in high yield, for a clinical product to supplement 
progenitor cell transplants. Producing significant numbers of megakaryocytes 
from human progenitor cells requires specific combinations of cytokines to 
promote their proliferation and maturation in vitro. Thrombopoietin (TPO) is 
the primary regulator of megakaryocytopoiesis (1-6), Other cytokines, includ- 
ing interleukin-3 (IL-3), IL-6, IL-1 1, stem cell factor (SCF; also known as kit- 
ligand), and granulocyte-macrophage colony stimulating factor (GM-CSF) are 
also capable of promoting megakaryocytopoiesis and will synergize with TPO 
to increase megakaryocyte proliferation (reviewed in ref. 7). 

Properly maintained (e.g., refed and split at regular intervals), static in vitro 
liquid cultures of purified human bone marrow CD34+ cells can take approx 
2 wk for the progenitor cells to terminally differentiate and undergo apoptosis 
(8). In the presence of TPO alone, these cultures can reach 90+% CD41+ (the 
primary surface marker for megakaryocytes), but the range of megakaryocyte 
production and maturation is highly variable and is dependent on culture 
conditions and the quality of starting mated aL Human umbilical cord blood 
CD 34+ cells are capable of greater proliferation, but less capable of producing 
high-ploidy megakaryocytes. Human peripheral blood CD34+ cells perform 
similarly to bone marrow cells, although the quality of the patient's progenitor 
cells will ultimately determine productivity (9), Adding other mitogenic 
cytokines, such as IL-3, will significantly decrease the frequency of CD41 + 
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Fig. 1. Phase-contrast image of an &5% pure, 12-d human megakaryocyte culture. 
The white arrow points to a megakaryocyte that is beginning to form proplatelet 
extensions. The black arrow points to a megakaryocyte that has completed this process 
and shed platelets. Magnification = 400x. 



cells, but will even more significantly increase the rate of cell expansion, result- 
ing in a net increase in total megakaryocytes produced (10), Although numerous 
cytokines can be combined to promote ex vivo expansion of megakaryocytes 
(11), a significant expansion of megakaryocytes can be achieved with as little 
as two or three cytokines (10,12-14), which may prove more practical in a 
clinical setting. 

Unlike murine megakaryocytes, no culture condition has yet been shown to pro- 
mote normal polyploidal nuclear maturation of human megakaryocytes in vitro, 
defined as a modal ploidy of 16 N or 8 pairs of chromosome sets. Also, there is 
an inverse relationship between proliferation and maturation of cultured human 
megakaryocytes (12-15). Culturing with TPO alone, which is not a great pro- 
moter of cell proliferation, will generate a higher level of megakaryocyte matu- 
ration than when combined with more mitogenic cytokines, though a recent 
article has shown that stroma 1-cell-derived factor 1 can increase the number and 
ploidy of megakaryocytes derived in vitro from human CD34+ cells cultured in 
the presence of TPO at low cell concentrations under low oxygen tension (16), 
although a normal 16N modal ploidy was still not achieved. 

We and others (10,11) have found that serum-free medium can be more 
productive for ex vivo expansion than medium containing plasma. Serum-free 
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medium would also be preferable for ex vivo expansion of cells for transplant, 
because of the risks associated with allogeneic blood transfusions, and because 
it is a more consistent and well-defined product. Serum derived from clotted 
blood is not appropriate for promoting megakaryocyte expansion, as it contains 
platelet-derived factors inhibitory to megakaryocyte growth, such as transform- 
ing growth factor (3, (3-thromboglobulin, and platelet factor 4, all released from 

*"fc *^4--i T Trt 4~ S^i ,/"J *-^ I *-fc 4~ S^L I ^^ 4~ /"i * M r / f I J 1 I T- ^"k *"* f> 4~ -* /™i *-\ -r*-\ S^4~ j^*-4* jTt. nf .1"* I ^-» j"»- .1"* <■ i j"i 1^ S^L -*-^ ^k-M^ -*-^ -* n .^^ v"J -*-^ I *-x 4- s^± I ^^ ■i" 

free plasma or autologous serum derived from calcium-clotted platelet-free 

piaaina tuuiu aiau uc auiLauic; iui ^uiLuinig, i±ic;gajs.ai^vj^y u^d, aa it ^iiin±iiaLc;& 

the risk associated with allogeneic blood transfusion. 

2. Materials 

2. 1. Media, Buffers, and Cytokines 

1. Culture medium: X-vivo 20 serum-free medium (BioWhittaker, Walkersville, 
MD) (see Note 1). 

2. Thawing medium: X-vivo 20, containing 10 IU preservative-free heparin and 
10 ug/mL of DNase. 

^ frrnwth "fnr-tnrc iicpH ffirml rnnr-pntrntinnV TPO MOO no/ml ^ IT -^ Mfl no/ml ^ 

Flt-3 ligand, (Flt-3L, 100 ng/mL). Aliquots of each reconstituted cytokine 
are stored at -70°C until needed. Thawed aliauots can be kept at 4°C for up 

J. J. X 

to 2 wk. 

4. Phosphate-buffered saline (PBS), without calcium or magnesium. 

5. Hypotonic citrate; 1 mg/mL of sodium citrate in deionized water. 

6. DNA dye; propidium iodide or 7-aminoactinomycin D (7-AAD). 

O O nniAj. noil Qolontirtn 

Miltenyi MACS CD34+ selection system appropriate for the quantity of 
cells used. 

2,3. Colony Assays 

Needed if the primitive progenitor population is of interest. We have tested 
several different clonogenic assay protocols and have found the kits from Stem 
Cell Technologies (Vancouver, BC, Canada) for CFU-MK (MegaCult C) and 
CFU-GM (MethoCult) to be the most efficient. 



2.4. Quantitative Ceil Analysis 



1 rrf rr. 



i. Lye trypan oiue i^igmaj in saime, lor ceit enumeration anu determination oi 
viability. 
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flow-cytometric analysis. A comparable isotypic antibody, labeled with the same 
fluorochrome, is used as a negative control. 
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z.o. instrumentation 

1. 37°C Water bath. 

2. Class B sterile tissue culture hood. 

3. Clinical bench centrifuge. 

4. 37 °C tissue culture incubator at 5% C0 2 . 

5. Variable adjustable electronic pipettor, EDP, Rainin. 



\J. V <A\s\X\\Ll.L-WLi- V V^ll CIUIW111CIX1V JJlJJV^l UV/V1VC. 



2.6. Supplies 

1. Sterile pipet tips with aerosol barrier. 

2. Sterile individually wranned Dolvnroovlene transfer oipets. 

3. 2-mL, 5-mL, 10-mL, 25-mL Sterile individually wrapped polystyrene pipets 
with an aerosol barrier. 

4. Sterile centrifuge tubes. 

5. 1-cm 3 , 3-cm 3 , 10-cm 3 , 20-cm 3 , 30-cm 3 , 60-cm 3 sterile Luer-Lok™ syringes. 

6. VueLife Teflon tissue culture bags, 1 L (270-mL nominal capacity) and 7-mL 
capacity, American Fluoroseal Corporation. Other sizes are also available, 
including custom sizes. 

7. Luer-Lok connector tubing, available from American Fluoroseal Corp. 

8. Sterile threaded Luer-Lok cannulas (BD Interlink System; Becton Dickinson 

nrnrliW rm ^fm^Q^I 

9. Interlink Luer-Lok injection site (Baxter Healthcare product no. 2N3379). 



3. Method 

3. 7. CD34 Cell Selection 

rui imgc-seaic uiiinuai unc, uic ^iiinivi/\^o eiiiiieai-giauc system i:s pre- 
ferred. It is approved for clinical use in the European Community, but is 

r^ ro . +i, T J — — .„i 4-: — -p — ~i:~:~~i :„ ±u~ tt~:+~j cu„+~„ e~,~n — 1~ 

piCSCllLiy U11UC1 CVcllUiUlUll 1U1 ClllllCiU Ut>C 111 LUC LJ111LCU OUILCS. oniciiici -scene 

systems are available for preclinical or basic research use. The manufacturer- 

Suppncu lauuicauiy piutucui is auaigiaiuiwciiu anu ca;>y lu iuiiuw cuiu miuuiu 

be followed closely to ensure successful CD34 cell purification. Purity of over 

y\j /v wiui iiign )it/iu y/Kj-r/vj ia ^uiiiiiiwn wiui an ivij-na^o ayaitiiia, wnt^n uatu 

before the expiration date. 

3.2. Sample Thawing 



If cells were frozen after purification for storage and use at a later date, then 

=»\7 1 

cells. 



triAif ii7i I I n<=k<=krl fr\ r\c* norATii 11 \t tncni7Prl oc frAA7itirr OTirl tnoiuinrv r»o-n Homorr^ 

UllV^Y Will llV^V^Vl IrKJ L/V-' VU1V1U11J U1UVYVU, HO HWtilllg U11U UlUVYlllt V^tlll UUlllUgV 



l. Each frozen CD34+ cell unit is placed into a resealable plastic bag and the bag 
closed, to prevent any contaminating water seepage into the tube. 
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Z. ine scciieu utig wiui uic iuuc is men piciueu 111 a j / ^ wcuei uctui cinu genuy 
agitated until the cell suspension has thawed 90%, to a small ball of ice (approx 

^— A min fnr n ^-mT tnKp^ 

3. The bag is wiped dry and transferred to a Class B sterile tissue culture hood, 
where the tube is removed from the bag aseptically. (See Notes 2-4.) 

3.3. Sample Washing 

1. In the sterile tissue culture hood, the contents of a 5-mL tube of thawed cells is 
transferred by gentle addition into a sterile 50-mL centrifuge tube using a sterile 
polypropylene transfer pipet. 

2. The cells are diluted 1:10 with 45 mL of cold thawing medium. 

3. The tube is sealed and the cells gently mixed. 

4. The suspension is centrifuged at 260g for 10 min at 4°C. 

5. The cell pellet is resuspended in 3 mL of X-vivo 20 using a sterile polypropylene 
transfer pipet. 

6. Dilute the cell suspension to 50 mL with X-vivo 20 (not thawing medium) by 

LlCC'dllllllg aav^oaa aaav^uaiaaaa. 

7. The cell suspension is centrifuged again at 260g for 10 min at 4°C. 

8. The cell nellet is resusnended in 3 mL of X-vivo 20 using a sterile nolvnronvlene 

A A O A J A A J 

transfer pipet. 

3.4. Nucleated Cell Count 

1. A 50-uL sample for cell concentration analysis is taken using a sterile pipet tip 
with an aerosol barrier. 

2. The sample is diluted with trypan blue so that the cell concentration in the trypan 
blue is not more than 10 6 cells/mL. 

3. Apply 10-12 \xh of trypan blue cell suspension to a hemacytometer. 

4. Determine the cell concentration and viability (cells that appear blue are not 
viable) using a phase-contrast microscope. 

5. The final volume required to achieve a cell concentration of 400,000 cells/mL is 



v^cucuicucu, uascu un uic ^cn ^uuin. 



3.-5= Culture Preparation 

1. The cells are injected using a syringe connected to a Luer-Lok cannula, through 

uic iiiLciiniiv iiijc^uuii pun, iniu a iciiun uag ui appiupiiaic siZ;C \aw rig. ^. 

O Tho r"\orr'o r»r»mir»a1 ^7r\1iiTYio 10 orlinctorl m/itV* Koft r«1i-r\ V\ai-i*i£it*o cr* oc tr* r«r\r»ta-in a 

Z^. 111^/ L^Clg, O AAV/AAAAAACiA *U1U111V' A J UAJJ CtiJ l-\^V_l VV1U1 L^CIC, V>AA1J UUlllVliJ OVJ CIO IU VU111U111 CI 

volume sufficient to suspend the cells at 400,000 cells/mL at an average fluid 
height of 1 cm. 
3. X-vivo 20 and sufficient cytokines to achieve a final concentration of 100 ng/mL 
Flt-3L, 100 ng/mL TPO, and 10 ng/mL IL-3 is then added using a 60-cm 3 syringe 
attached via Luer-Lok connections to the bag to reach the final volume. (See 
Note 5.) 
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Fig. 2. Syringe-bag connection system. Inset: exploded view showing (from left to 
right) Luer-Lok 60-cm 3 syringe, Interlink threaded lock cannula, Interlink injection 
site, and Luer-Lok opening of Teflon bag. 



3.6. Culture Maintenance 

Cells should be assayed at least every other day to ensure that they have 
not proliferated beyond the capacity of the culture medium. In our experience, 
X-vivo 20 has a maximum cell capacity of up to 2 x 10 6 cells/mL, depending 
on the quality of the cells used. 

1. After gently agitating the bag to resuspend the cells, a 5-mL aliquot is removed 
using a syringe and injected into a 7-mL Teflon bag for use as a test sample. 

2. Both bags are stored in a 37°C tissue culture incubator at 5% C0 2 used solely for 
the purpose of clinical patient sample preparation. (See Notes 6-8.) 

3. 7. Re feeding the Culture 

When cells have proliferated beyond the culture medium's limit, they will 
need to be split and refed. 

1. Count the cells as in Subheading 3.4. 

2. Calculate the amount of medium and cytokines required to readjust the cell 
concentration to 400,000 cells/mL. 

3. Calculate the area required to maintain a 1-cm culture height and readjust the 
bag clips to that position, 

4. Add that amount to the culture bag using the Luer-Lok syringes and cannula 
connectors. 

5. If the culture medium required exceeds the capacity of the bag, additional bags 
are then attached to the culture bag using the Luer-Lok connection tubing, and 
an appropriate fraction of cell suspension is transferred to the new bag (see 
Fig, 3). (See Note 9.) 
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Fig, 3. Bag-bag connection system. Inset: Exploded view. A flexible tube with 
Luer-Lok connectors on each end is substituted for the syringe in Fig* 2. 



3.8. Cell Harvest 

When the designated culture period has passed, the sample is transferred 
to an appropriate vessel and gently washed, PBS with 1% albumin, or other 
clinically approved procedure. Cells can be washed in an automated cell washer 
or centrifuged using centrifuge tubes or bottles of sufficient capacity to con- 
tain the culture. The appropriate procedure needs to be determined empirically, 
based on culture size, equipment available, and whether a closed system 
is required for clinical use. Three wash steps should be used ensure that 
no residual cytokine remains in any product designated for transplant, (See 
Note 10.) 

3.9. Ceil Analysis 

Flow cytometry is the most efficient way of measuring phenotype expression 
of cells in a liquid culture. Megakaryocytes can be difficult to assay, however, 
because of their fragility and great variation in size. Cells that may have been 
exposed to platelets (e.g., peripheral blood cells, umbilical cord cells, or cells 
in platelet-producing megakaryocyte cultures) should be incubated in EDTA- 
containing buffer to disassociate any adherent platelets (20), Then, standard 
flow-cytometric techniques can be used to assay megakaryocyte proliferation. 
(See Note 11.) 

1. Place cell medium containing 100,000 cells into a 12 x 75-mm test tube, 
appropriate for use on a flow cytometer. 

2. Add 2 mM EDTA and incubate for at least 15 min at room temperature. Longer 
incubations may be necessary if platelet contamination is high. 

3. Fill the tube with PBS and centrifuge at 260g for 5 min at 4°C. 
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h-. Remove an supernatant anu auu tue recommenueu amount 01 fluorochrome- 
labeled antibody. Vortex gently. 

5 Tnr-nhnfp fnr 1 S min c\t A°C* in thp HrirV 

6. Fill the tube with PBS and centrifuge at 260g for 5 min at 4°C. 

7. Remove supernatant, resuspend the cells in 0.5-1 mL of PBS and assay by flow 
cytometry immediately. 

8. If megakaryocyte ploidy measurement is desired, substitute 1 mL of hypotonic 
citrate buffer for the PBS. Add 1 jxg/mL of propidium iodide or 7-AAD. Incubate 
an additional 30 min at room temperature before assaying. 

4. Notes 

1. We have tested numerous serum-free media and have found X-vivo 20 to be 
the most conducive to megakaryocyte proliferation. However, technology can 
continue to evolve, so it would be expected that improved media should become 

Ct VClllCtUlV ±11 U1V/ 1UIU1V. J. Ul U1V/1 IVJUllg VVUU1U UV/ VV ClllCUllV^VJ IU llllV_i UIV' 111V^V_11 14111 

optimal for each protocol. 

1, It is our experience that mononuclear cells are more fragile during freezing and 
thawing than selected CD34 cells. In either case, DNase is recommended for 
the thawing medium to remove DNA released from lysed cells. However, work 
within the recommended levels, as too much DNase can be harmful to cells. 

3. We and others (21) have found the Miltenyi CD34+ MACS selection systems 
to be the most efficient. The systems available range from a total cell capacity 
of 10 5 -10 n cells. We have used several different Miltenyi systems, all with 
excellent results. 
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4. ine riuoroseai xenon oags are lmpermeaoie 10 nquia, oui permeaoie to gas. 
This allows adequate gas exchange while all ports remain fully sealed, so that 
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a problem, so it is not necessary to keep water in the incubator for humidity, 
reducing contamination risk. 

5. For a 1-L Teflon bag, only 270 mL is used so that the culture medium height 
remains at approx 1 cm, which has been determined to be optimal for culture 
performance. Lower heights reduce cell productivity, whereas higher media 
heights waste reagent. The use of bag clips allows for volumes less than 270 mL 
to be used in the 1-L bags, and then removed as the culture expands and is refed. 
American Fluoroseal supplies appropriate clips, but any plastic clip that would 
not damage the plastic bags would work. 

6. It has been our experience that ex vivo cultured cells derived from oncology 
patients will often show a dramatic drop in viable cell numbers in the first few 

r\c\\7Q nf c\ nilturp Thic nhpnnmpnnn ic triip whpfhpr thp r-pllc wprp uncplprtpH 

VJ-Cl J lj vi. w v U»J. 1-U--L W * A j.j.i.kj L/iiviiviiiviivii -LkJ U- W-V r V nv l-J.±\^-L l±J.w V-'V^AAlj r \ WX. W LJ-AAlJ vlW tVVl 

mononuclear cells or selected CD34 cells and it is highly variable. 

7. The use of a smaller, 7-mL bag is to be able to monitor culture progress without 
needing to access the main culture, reducing the risk of contamination. In our 
experience, the phenotypic development of the cells in either bag is identical. 
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8. We have found that megakaryocyte proliferation is enhanced with an initial 
seeding density of 400,000 CD34 cells/mL, compared to lower seeding densities. 

Thp nilturp rnnHitinnc Hpcr-rihpH Vmvp c\ tntnl r-pll pnnnpitu in thp rrmop nf nn tn 
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2 x 10 6 cells/mL (fivefold expansion) before having a significant negative impact 
on cell proliferation and viability. However, cell concentration may need to be 
readjusted after only a twofold to threefold expansion of viable cells to minimize 
any negative effects of large numbers of nonviable cells. This is most often 
in cases of less healthy or damaged cell samples that rapidly degenerate into 
nonviable states. 

9. The easiest way to transfer expanded cells from on bag to another is by attaching 
the two bags together with a Luer-Lok connector tube and suspending the full 
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by weight. This avoids excessive opening and taping of the bags, reducing 
contamination risk. 

10. Once mature megakaryocytes are generated, care should be taken in handling 
the culture, as large high-ploidy megakaryocytes are fragile. Avoid extremes of 
handling and vortexing, if preservation of the larger, more mature megakaryocytes 
is important. 

11. Although there are many procedures for fixing and permeabilizing megakaryo- 
cytes, the method using hypotonic citrate is the easiest and best preserves the 
large ploidy megakaryocytes, because of significantly less manipulation. 
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Cytokine-Mediated Expansion of Human 
NOD-SCID-Repopulating Cells 

KohichiroTsuji,Takahiro Ueda, and Yasuhiro Ebihara 



1. Introduction 

There has been great interest in ex vivo expansion of human long-term 
repopulating hematopoietic stem cells (LTR-HSC) for a variety of developing 
clinical applications including HSC transplantation, gene therapy, and produc- 
tion of mature blood cells in manufacturing. Because the development of HSC 
is thought to be regulated, at least in part, by interactions of cytokine receptor 
signals, many investigators used various combinations of cytokines that have 
been shown to act on primitive hematopoietic cells to obtain the optimal culture 
condition for HSC expansion. 

Transplantable human HSC should prove to have long-term repopulating 
ability. However, most of human HSC studies aimed at clinical application 
have used in vitro assay for CD34+ cells (i), colony-forming cells in clonal 
culture (2—4), cobblestone-area-forming cells (CAFC) (1) and long-term 
culture-initiating cells (LTC-IC) (4), but these surrogate assays have been 
shown not to correctly reflect stem cell activity (5-7), Recently, assays evaluat- 
ing the stem cell activity have been developed using immunodeficient non- 
obese diabetes severe combined immunodeficient (NOD-SCID) mice. The 
NOD-SCID mice possess lack of mature lymphocytes, macrophage dysfunc- 
tion, absence of circulating complements, and low natural killer (NK) cell 
activity (8), resulting in efficient engraftment of human HSC in the mice (9 JO), 
The assay system has allowed us to exactly evaluate the stem cell activity of 
expanded hematopoietic cells. 
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Fig. 1 . Assay for HSC expansion by culture with SCF+FL+TPO+IL-6/sIL-6R. A total 
of (1-2) x 10 4 CD34+ CB cells and their progenies cultured with SCF+FL+TPO+IL-6/ 
sIL-6R were transplanted into irradiated NOD/Shi-sdd mice, and anti-asialo GM1 
antiserum was administered on d 0, 11, 22, and 33 of transplantation. Human blood 
cells repopulating in recipient BM and PB were analyzed by flow cytometry 12 wk 
after the transplantation. 



We have developed a significant ex vivo expansion svstem of human HSC 
capable of repopulating in NOD-SCID mice, termed severe combined immune 
deficiencv (SCID)-repopulatine cells (SRC), using a combination of stem cell 
factor (SCF), Flk2/Flt3 ligand (FL), thrombopoietin (TPO) and a complex of 
interleukin (IL)-6 and soluble IL-6 receptor (IL-6/sIL-6R) (11) (see Fig. 1). 
SCF and FL have been used as key cytokines for previous HSC expansion 
systems, because c-Kit and Flk2/Flt3, tyrosine kinase receptors for SCF and 
FL, respectively, were shown to transduce signals crucial for HSC develop- 
ment. TPO, a ligand for c-Mpl, originally identified as a primary regulator 
for megakaryopoiesis, has been shown to stimulate the expansion of primitive 
hematopoietic cells (2,4). In addition, we have demonstrated that gpl30 signal 
activated by IL-6/sIL-6R synergizes with the c-Kit or Flk2/Flt3 signal to 
expand primitive hematopoietic progenitor cells (3,12). 

When (1-2) x 10 4 cord blood (CB) CD34 + cells and their progenies cultured 
with SCF+FL+TPO+IL-6/sIL-6R for 7 d were transplanted into NOD-SCID 
mice, 6/25 (24%) and 13/16 (81%) recipients, respectively, revealed successful 
engraftment. Human CD45 + blood cells in the recipient marrow engrafted 
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Fig. 2. Proportions of human CD 19/CD 10 + cells, CD13 + cells, CD33 + cells 
and CD34 + cells in human CD45 + cells engrafted in BM of recipient NOD-SCID 
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with the cells cultured with SCF+FL+TPO+IL-6/sIL-6R consisted of various 
lineages of cells 10-12 wk after the transplantation, and there was no difference 
in the nronortion of each lineage of cells corrmared with that in the recipients 
engrafted with the initial CB CD34 + cells (see Fig. 2). However, the proportion 
of human CD45 + cells in the bone marrow (BM) was 10-fold higher in the 
recipients engrafted with the cultured cells than in those with initial CB 
cells, indicating the significant exnansion of SRC. The exnansion rate was 
estimated at 4.2-fold by a limiting dilution method. Similar HSC expansion 
was also observed in fetal bovine serum (TBSVfree culture, which, in clinical 
application, would exclude the possibility of unknown infections (see Note 1). 
In this article, the detail of the novel culture svstem is shown. Our culture 
system may pave the way for the clinical application of ex vivo expansion 
of human HSC. 

2. Materials 
2. 7. Mice 

1 . Experimental NOD-SCID (NOD-Shi-sczV/) mice were obtained from a Central 
Institute for Experimental Animals (Kawasaki, Japan) (see Note 2). The mice 
were kept in microisolator cages on laminar flow racks in a clean experimental 
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room. They were maintained on an irradiated sterile diet and given autoclaved 
acidified water. Cages were exchanged once a week. 

2.2. Cytokines 

1. Recombinant human IL-6 and sIL-6R (^ifts from Tosoh Com., Ayase, Ja^anV 

2. Recombinant human SCF (a gift from Amgen Biologicals, Thousand Oaks, CA). 

3. Recombinant human TPO (a gift from Kirin Brewery, Tokyo, Japan). 

4. Recombinant human FL (R&D Systems, Minneapolis, MN). 

z.o. ruriuucwun or k,uo**' i^ens 

1. Ficoll-Paque (Pharmacia LKB, Uppsala, Sweden). 

2. Silica (Immuno Biological Laboratories, Fujioka, Japan). 

3. Deionized fraction V bovine serum albumin (BSA; Sigma, St. Louis, MO). 

4. Dynabeads CD34 Progenitor Cell Selection System: Dynabeads M-450 CD34 
ana uE,i/\^na£>E,/vu K-,uw (uynai /\*5, usio, iNorway). 



2.4. Suspension Culture 

1. a-Medium (Flow Laboratories, Rockville, MD). 

9 Pptnl Hnvinp cprum ^T^ P4 ^ ^ fH"vr>1nnp T r\ac\rt TTT^ 

j-j * A ^^ L-C4-X l/v t iiiv lj^^j- U-J.J.J. \ A. j— * \*j t \ j- a > vivuvi l^/v/ClUlli ^^ j. / * 

3. Deionized fraction V bovine serum albumin (BSA) (Sigma). 

4. 12-Well tissue plates (Nunc, Roskilde, Denmark). 

5. Deionized crystallized BSA (Sigma). 

6. Human transferrin (Sigma). 

7. Soybean lecithin (Sigma). 

8. Cholesterol (Nakalai Tesque Inc, Kyoto, Japan). 

9. Human recombinant insulin (Sigma). 

2.-5. Transplantation into NOD-SCID Mice 



S~* "Tfc X -1 . * /TT T 1 



i. Anti-asiaio uivn antiserum ^waKo, usaKa, japan;. 
2. Deionized fraction V BSA (Sigma). 

4. 40-jxm Cell Strainer (#2340; Falcon, Lincoln Park, NJ). 

2.6. Flow-Cytometric Analysis 

1. FACSCalibur (Becton Dickinson. Mountain View. CA). 

2. Lysing solution (Nichirei Co, Tokyo, Japan). 

3. Rabbit serum (Funakoshi, Tokyo, Japan). 

4. Antibodies: anti-human CD45 conjugated with fluorescein isothiocyanate 
(CD45-FITC), CD34-FITC, CD10-FITC, CD3-FITC, CD33 conjugated with 
phycoerythrin (CD33-PE), CD19-PE, and CD13-PE (Becton Dickinson, San 
Jose, CA). 

5. CD3-FITC and CD45 conjugated with PE-cyanine 5-succinimidylester (CD45- 
rc-L-yjj (iiiiiiiuiiuicuii, iviaiseiiie, nance). 
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z.t. roiymeraSB unain neacnon \r\^nj Analysis 

1. DNA thermocycler (GeneAmp, PCR System 2400; Perkin-Elmer). 

2. QIAGEN QIAamp DNA mini kit (Amersham, Uppsala, Sweden). 

3. 7ag polymerase (Perkin-Elmer Cetus, Foster City, CA). 

4. ungonucieotiae primers: aluo, lall i u i am lllaltuau i IT-3; alu-j, 
CGCGATCTCGGCTCACTGCA. 

3 Methods 
■ IIIWIIIWWW 

o.i. HunTication oi \suo<* uens 

1 . Human umbilical CB, collected according to institutional guidance, was obtained 
during normal full-term deliveries. 

2. Mononuclear cells (MNCs) were separated from CB cells by Ficoll-Paque 
density gradient centrifugation after phagocytes were removed by silica on 
iiicuuauuii ai j / C in a iiumiuiiieu atmosphere ui jvo ^w 2 111 air iui ju mm. 

3. After washing MNCs with phosphate-buffered saline (PBS) containing 0.2% 

rl^inniv^rl fraction V "RSI A £»nH C\ f\@lr> r-itrcit^ fhllffpr T~^ fplls \\T£*re* r<=»oiioni=inrl<=»rl 

at (3-5) x 10 7 /mL in PBS containing 2% deionized fraction V BSA and 0.6% 
citrate (buffer A) and mixed with Dvnabeads M-450 CD34, with a beads-to-cell 
ratio of 1 : 1 . 

4. The cell-beads suspension was resuspended and incubated at 4°C for 30 min 
with gentle rotation. 

5. After incubation, the cell-beads volume was expanded with buffer B and placed 
in a DYNAL Magnetic Particle Concentrator (MPC) to collect the Dynabeads 
M-450 CD 34-7'rosetted cell. 

6. The resetted cells were washed four times with buffer B and then resuspended 

111 UU11C1 J\. 

7. One hundred microliters of DETACHaBEAD CD34 per 4 x 10 7 /mL Dynabeads 
M-450 CD34 were added to the rosetted cell suspension and incubated at room 
temperature for 45 min to detach the Dynabeads M-450 CD34 from the positively 
selected cells. 

8. The released cells (CD34 + ) were collected by placing the tube in the MPC and 
were then washed twice with buffer B. When their purity was evaluated by 
flow-cytometric analysis, approx 95% of the separated cells were CD34 + . 

3.2. Suspension Culture 

1. One milliliter of culture mixture containing (1-2) x 10 4 purified CD34 + cells, 
a-medium, 20% FBS, 1% deionized fraction V BSA, 100 ng/mL of SCF, IL-6, 
and FL, 1000 ng/mL of sIL-6R, and 10 ng/mL of TPO was incubated for 1 wk 
in 12- well tissue plates at 37°C in a humidified atmosphere flushed with 5% 
C0 2 in air. 

2. Fetal-bovine- serum-free suspension culture contained components identical to 
rr>a-cuiiuuiiiiig culture, except iui Zvc ueiumzeu ciysiainzeu dm, zuu [Ag/1111^ 



392 Tsuji, Ueda, and Ebihara 

ui iiuiimii transterrin, iuu fAg/iiii^ ui suyucciii lecitmn, yv jAg/ini^ ui uiiuicsieiui 
(see Note 3), and 10 jxg/mL of human recombinant insulin replaced fraction V 

TV^IA nnH PR^l A nnp-millilitpr nliniint nf niltnrp miYtiirp wnc nlnfpH in 1 9-wp11 

UKJI a mx±v^ A. J—* k-/ * J. a. viiv 111111111LV1 biiivi uv t V/X vUllUlv llllALUlv W U-O l/iuvvu hi A. ^^ W Wll 

tissue plates and incubated for 1 wk at 37°C in a humidified atmosphere flushed 
with 5% C0 2 , 5% 2 , and 90% N 2 in air. 

3.3. Transplantation into NOD-SCID Mice 

1. Eight to 10-wk-old NOD-SCID mice were sublethally irradiated with 240 cGy 
as two divided doses by a 137 Cs source immediately before transplantation {see 
Note 4). 

2. The freshly isolated CD34 + cells and their progenies cultured with 
SCF+FL+TPO+IL-6/sIL-6R were resuspended in 0.5 mL PBS containing 1% 
deionized fraction V BSA and were injected into recipient mice via a tail vein 
with a 29- or 30-gage needle. 

4. t^nci * , £S/-»n'\i f3i-»+ \TflTl vf^TTl mina iirara mia/ifarl m+frmai^trtncinlliT ttti+Vi A II (I ill r\T 

D. 1 ii\^ iwiuivni nvyi^-ij^ii^ iiii^v^ vw±v injv^v^iv^u HiuJ.ciiJV'XiiwiivciiiV vviui ~r\j\j iaj-j UI 

PBS containing 20 fxL of anti-asialo GM1 antiserum immediately before the cell 
transplantation (see Note 5), Identical treatments were performed on d 11, 22, 
and 33 after the infusion of experimental cells (see Note 6). 

4. After transplantation, mice received water containing prophylactic neomycin 
sulfate (1.1 g/1000 mL). The water was exchanged once a week. 

5. Mice were killed in a C0 2 chamber 10-12 wk after the transplantation. Femurs 
and tibiae were collected and aspirated with 5% FBS -containing PBS to liberate 
BM cells. Cell suspensions were then filtered through a sterile 40- [xm cell strainer 
to eliminate clumps and debris and then processed for flow-cytometric analysis. 

3.4. Flow-Cytometric Analysis of Transplanted NOD-SCID Mice 

1. ounaue iiicukcis un Human uiuuu ucns icuuiisuiuieu in lwju-ok^ilj muuse dim 
were analyzed by flow cytometry using the FACSCalibur. 

9 Aftpr Hpnlptinn nf pr^thrnr-^tpc with Wcina cnlntinn atrnnm tpmnpraturp -far ^ min 

jL^ * J. A A. IX/l VJ-W Ly±\^ HVll Vi V^A y Ul-L V **S J kW kJ V T J. HJ. J. Jf JlllC, UV1 Vf-H^VAA VI t< J- win v\s 1 1 1 VJ \^ 1 %X %■ vn ^- a^va «^ 111111* 

1 x 10 6 mouse BM cells suspended with 200 ^iL of PBS containing 0.1% 
deionized fraction V BSA were stained with antibodies at a concentration of 
20 piL/mL. After the blocking of the surface Fc receptor by rabbit serum, all 
antibody incubations were carried out for 30 min on ice. Cells were then washed 
in PBS containing 0.1% deionized fraction V BSA and resuspended in 0.5 mL 
of the same buffer. 

3 . The presence of human blood cells was determined by detection of cells positively 
stained with CD45-FITC in flow-cytometric analysis. Successful engraftment by 
human HSC was defined by the presence of at least 1% of human CD45 + cells in 

Ly\ju-\3K_,LLJ inuusc uivi v^cus l\j— LZ wis. cuici uic uaiispitunauuii v^e^ nuic I J. U1V1 

cells of untransplanted NOD-SCID mice were used as negative control. 

4. Three-color flow cytometry was performed with BM cells in which human 
blood cells successfully repopulated. Specific subsets of human blood cells were 
quantified by gating on human CD45-PE-Cy5-positive cells and then assessing 
staining with anti-human CD34-FITC (immature cells), CD10-FITC (immature 
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d-uciis), cuj-ni^ (i-ucnsj, tujj-rE (inyeiuiu ucn»;, k^lj iy— re (o-uens;, 
and CD13-PE (myeloid cells) (see Note 8). For each mouse analyzed, an aliquot 

nf r-pllc wnc filer* ctftinpH with mnncp To(t r-nninantpH tn PITf" 1 PTh r\irtr\ PR-C^vS 

as isotype controls. 

3.5. PC/7 Analysis 

To confirm the ensraftment of human HSC in NOD-SCID mouse marrow, 
the detection of human ALU sequences in BM DNA was performed by PCR 
analysis (see Note 9). 

1. DNA extracted from recipient mouse marrow by a QIAGEN QIAamp DNA 
mini-kit was subjected to PCR amplification using a pair of oligonucleotide 
primers. PCR was performed using 2 \xg of total genomic DNA, 20 pmol of 
primers, and 2.5 U of Taq polymerase. Samples were denatured at 94°C for 4 min, 

unvii cuiiLniiiv^u u»V iwuiivio v^uiiaiouiig w± y~t \^- ±kjl ± 111111 ^v_i\^iiciiui±±±g^, uu \w iui 

45 s (annealing), and 72°C for 1 min (extension) for 21 cycles, followed by 
5 min at 68°C using a DNA thermocycler. 

2. Products were separated on a 3.0% agarose gel, stained with ethidium bromide, 
and photographed. The sequence amplified by two primers is of 221 base pairs. 

4. Notes 

1. There have been some reports describing FBS-free expansion culture of human 
HSC whose long-term-repopulating ability was confirmed in vivo, using combi- 
nations of various cytokines. Bhatia et al. (13) and Conneally et al. (14) reported 
on twofold to fourfold expansion of human SRC in FBS-free culture containing 
SCF, FL, G-CSF, IL-3, and IL-6 for 4-7 d. 

Z. OUII1C lllVCSllgcllUIS itIC USIIlg, itS ICUlplCIlL IN KJU-^\^LU II11UC, NUD-LlbZ-SCla 

mice, which was established in the animal facility of the British Columbia 

Patippr Rpcparrh rVntpr frnm hrppHprc nrioinallv nrn^/iHpH \\\r Thp TnrVcnn 

\^M11VVJ. A X.^^ U Vfcll X^J-J. v^-vu %■ V^l -A- J- ^V 111 l/l V^X^'V*V^J- U 'V^ A. J. &, A J.J. Ml A > f* J '~ L ^-^ T -*-^* vU *-X > 111V fc/ dV^AVkJ Vll 

Laboratories (5-9,13,14). 

3. Twenty milligrams of soybean lecithin and 12 mg of cholesterol were placed on 
the bottom of a 25 -mL glass breaker. A few drops of chloroform were added until 
the lipids were dissolved. When the dissolved lipids were completely evaporated, 
10 mL of bicarbonate-free a-medium containing 1% deionized crystallized BSA 
was added. The beaker was immersed in ice water on a Measuring and Scientific 
Equipment sonicator for 10 min. The resulting solution was filtered and stored 
at 4~u. 

4. Initial experiments were performed by irradiating mice with 300 cGy as two 

uiviucu uusc. /-vi una uusc, ikjvv \jl iy\_jLj-\3K_,LLj inline uicu 1— Z wjv anci uic 

transplantation. 

5. The NK cell activity of NOD/Shi-sc/J mice we used was two-thirds to one-half 
of the activity of scid mice (15). 

6. Because it was reported that NK cell activity was markedly reduced on d 3 after 
the one-shot injection of anti-asialo GM1 antiserum, began to recover on d 7, 
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— a j.~ ii cc\m ~.c 4.u^ — ^~:~„i ,,„i — a 1 a /i£\ iU« :„: ±: — „,„„ 

tuiu iusc lu inuic uiciii j\j~/c vi uic uiiginai vmuc un u it (Jvy, U1C llljCUUUll was 

performed on d 0, 11, 22, and 33 of transplantation (15). 

1 Tn cnmp rprirnpnt NTOT^i-Sir^TP) mirp nprinhprfil hlnnH fPT^ r-nllpr-tpH ti\f rYiinrtiirp 

of the tail vein was analyzed for the presence of human CD45 + blood cells. 
Although the proportion of human CD45 + cells in PB was always lower than in 
BM, a stable number of CD45 + cells were detected at least for 6 mo in all the 
engrafted recipients examined (10). 
8. All of the recipients transplanted with the cultured cells possessed CD13 + and 
CD33 + myeloid cells, CD19 + and/or CD10 + B-cells, and CD34 + immature cells, 
but not CD3 + T-cells, in BM CD45 + cells. Although CD41+ megakaryocytes and 
platelets were present, few glycophorin A + CD71 + or hemoglobin a-containing 



eryinroia cens were aeieciea [i/j. 

I *-h r\ I I -*»j^\ s-\-a -*^-t j^\-t^\ 4- \lf I I 1 v § 111 -vsr\ -a s~\ s^ tt : 

in an it^ipi^iii i^ui^-j^il/ iin^t w 

cells, human ALU sequences were detected in BM DNA. 
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Differentiation of Human Antigen-Presenting 
Dendritic Cells from CD34+ Hematopoietic 
Stem Cells In Vitro 

Xin-Sheng Ju and Martin Zenke 



1. Introduction 

Antigen-presenting dendritic cells (DCs) originate from hematopoietic stem 
cells in bone marrow through successive steps of differentiation (1-5). In 
peripheral tissues (e,g,, skin), DCs are exposed to and capture antigens like 
viruses, bacteria, and other pathogens through endocytosis and phagocytosis, In 
the presence of maturation-inducing stimuli, such as inflammatory cytokines, 
DCs undergo a process of maturation and migrate via the lymphatic vessels 
to the secondary lymphoid organs. In the lymphoid tissue, they present the 
processed antigens to T cells in the context of major histocompatibility complex 
(MHC) class I and class II molecules and initiate potent antigen specific 
immune responses. Giving their unique properties as professional antigen- 
presenting cells, DCs are currently being assessed for medical therapy, such as 
immunotherapy of cancer (6,7). 

Human DCs can be generated in vitro from hematopoietic progenitor 
cells or monocytes by employing different protocols and cytokines (1-5). 
For example, CD 14+ peripheral blood monocytes develop into DCs by treat- 
ment with granulocyte-macrophage colony stimulating factor (GM-CSF) and 
interleukin-4 (IL-4) (8,9) and this protocol yields large numbers of DCs for 
application in DC-based immunotherapy (10). DCs are also generated from 
CD 34+ hematopoietic progenitor cells (HPCs) of bone marrow or cord blood 
with GM-CSF and tumor necrosis factor-a (TNF-a) (11) and including stem 
cell factor (SCF) and/or Fit- 3 ligand (FL) to enhance DC production (11,12), 
However, the total number of DCs that can be obtained in vitro remains 
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limited, which severely hampers their further biochemical and molecular 
characterization and their clinical application. 

A variety of cytokines have been reported to efficiently expand CD34+ 
hematopoietic progenitors from human bone marrow and cord blood in vitro, 

: i„j: Ai££ 4- i_: ±: „ „.r cr<T7 ttt tt q +1 i :~+.:„ f-rnrw tt £L 

iiiuiuumg uiiicitiiLcuiiiumiuiuiit) ui o^r, ri^, ii^-j, uiiuiiiuupuituii ^iruj, ij^-u, 

and soluble IL-6 receptor fusion protein (hyper- IL-6) (13-17). Such in vitro 
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mice and contain both CD 14- and CD 14+ DC precursors (15). 



xlc;i^, wc u^av^nuc; a iwu-aicp ^uiluic; ay&L^in uiai piuuucta laigc; nuinu^ia ui 

fully functional DCs from CD34+ hematopoietic progenitors of cord blood or 

uvjul/ inaii^w. v_^A-/^"i-r v^una aiv^ mat giuwn witu tn^ ^ j tvjjvini^ ^vjiiiuniaLivjii \jl 

that preserve the progenitor phenotype and yield large cell numbers. Then, these 

t-x-t-i'A rr*2»-n i t/~\ir fallen o-fvi inHnr<an f"/~v 1 1 -n/Hi2k-frr/~* /^»izill /^\7/^l<2» D-ir-i^ot" oi-i/~I f"*"v nirraranti of a mtn 
J.'AV/gV^llACV'A V^V^AAO CIA ^ lllUU^^U l-W UlJViV^XgW CC11 ^ J ^AV^ ClAAV^Ol tlLLKJL I.KJ UlAA^A V^JAUICHX/ A1H.V7 

DCs by exchanging the growth-promoting cytokines with the differentiation- 

inniipmrv r»\7-tr\lrin<=kO f^-A/T-f^QlH on/i TT _/l • TATT-H-rv ic o-r^r^li<=iH Tr\r 1 r\ fr\ nrnmr\tp te*r- 

lllUUHllg W j IV1V111VO VJ1U VkJl Cl±±VA lL( T^, Ai^X VA 1J tlL/ L/AAV^VA AV-fA A VA l-V^r l_/A V111V *-V-- »-V^A 

minal maturation of DCs. This two-step culture system (growth— *differentiati on) 

"Fr\11r\\x;c tTii=k -natiifcil nQl"rm;Q\? r\"F T^r^ rli"FF(=kr<^ni"iQtir\n "frr\m liAmQt"r\nr\iAl"m rvrr\rvpmi trvr 

IV/llV/TV J U1U 11ULU1U1 UUUl VV U> V^A A-''V_' UlllVlVllUUUUll HVlll 11V111UIUIJU1V/UV/ L/lUtVllll-Ul 

cells and can be used to study growth and differentiation of DCs as separate 

(TPmp'Hr' nrnornmc Tt cilcn rirn , uirlf i c ci uc^fnl QTinrrkQr*Ti fr\r rr^nfrcitiTi rr Icircr^ 

tVllVUV L/lVtlUlllOi At WAUV^ k/1 V/ T 1UVO »* tlUV^Atli UL/L/1VUVU A\_/A C VllVl ClllllC ICUgV 

numbers of fully functional DCs for clinical application. 

2. Materials 

1 . Cord blood harvested from full-term deliveries according to institutional guide- 
lines is stored at 4°C in a 50-mL syringe containing 1000 U sodium heparin 
(Sodium Heparin Braun 5000 LU./0.5 mL; Braun Melsungen AG, Melsungen, 
Germany) for less than 10 h before CD34+ stem cell isolation (see Note 1). 

2. Cell strainer (70 urn; Becton Dickinson, Heidelberg, Germany). 

3. Phosphate-buffered saline (PBS): Dissolve 8 g NaCl (137 mM), 0.2 g KC1 
(2.7 mM), 1.16 g Na 2 HP0 4 (7.9 mM), and 0.2 g KH 2 P0 4 (0.01 mM) in 1 L of 
H 2 0, adjust pH to 7.0, and autoclave. 

A Til 11 TT... / J _. !j._. 1 C\T~I —I l -, ---_1_!_ T-*_„!_ T -, „_ J \ 

<+. ricun— nypaque (uensny i.u/ / g/m; nuiouio, raris, nance). 

5. StemSpan serum-free culture medium (Stem Cell Technologies, Vancouver, 

T\C* f~ i Qncl^lQ^ rr»ntninina 1 <% r^r»A/inp Ci^riim QlViiiTYiin fPVQA^ 10 iia/mT r^r^^/in^ 

A-^ 'S^' , V^UllUUtif VVlllUJ-llllltl A / \J kj-^j Y 111V U VI Ulll U1UU111111 \ ^J \~J X i / , 3^ \J \Al£Ll 11IJ — t kjt*j T 111V 

pancreatic insulin, 200 ug/mL human transferrin, 10 -4 M of 2-mercaptoethanol, 
2 mM of L-glutamine. 

6. Eagle's medium (Gibco-BRL, Gaithersburg, MD). 

7. CD34 Progenitor Cell Isolation Kit (Miltenyi Biotec, Bergisch Gladbach, 
Germany), which includes 2 mL FcR blocking reagent (reagent Al); 2 mL 
monoclonal hapten-conjugated anti-CD34 antibody, clone QBEND/10, isotype 
mouse IgGl (reagent A2); 2 mL colloidal superparamagnetic MACS MicroBeads 
conjugated to an antihapten antibody (reagent B). 
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o. iviagiieuu ucii scpaiciLui uhil iviiniivi/\^o, pusiuvc scicuuun uuiuiiin ivio-i-/ jvo-i- (lUI 
<2 x 10 9 mononuclear cells; Miltenyi Biotec, Bergisch Gladbach, Germany). 

Q Tcnlnti nn huffpr- PR^ ciinnlpmPntpH with ^<% RSJA fFrnrtinn V <Jioma <it 

Louis, MO) and 2 mM EDTA (Merck, Darmstadt, Germany). 

10. The following antibodies were used: CDla (NA1/34; DAKO, Glostrup, Den- 
mark), CDlla (HI111) and CDllc (B-Ly6; both BD Biosciences, San Diego, 
CA), CD14 (IOM2, clone RM052, Immunotech, Marseille, France), CD29 
(MAR4, BD Biosciences, San Diego, CA), CD33 (WM53, Cymbus Biotechnol- 
ogy, Chandlers Ford, Hants, UK), CD34 (Anti-HPCA-2, clone 8G12), CD40 
(5C3), CD49d (9F10) and CD54 (HA58; all BD Biosciences, San Diego, CA), 
CD71 (Ber-T8; DAKO, Glostrup, Denmark), CD80 (MAB104) and CD83 
(ni5ij/\, ooin immunoiecn, iviarseme, rrance), lu50 (£>/u/£>/-z, cione zjoi), 

^L/ii/ ^ luj.uo;, inaiiiiua^ it^tpiui v^iuiic; Vv.L) anu ^^i\. / yz,ii^, an ul» 

Biosciences, San Diego, CA) and HLA-DR (clone CR3/43; DAKO, Glostrup, 
Denmark). 

11. Flow cytometry (FACSCalibur; Becton Dickinson, Heidelberg, Germany). Data 
are analyzed in CELLQuest software (Becton Dickinson). 

12. RPMI 1640: complete RPMI 1640 medium containing 10% fetal calf serum 
(FCS), 100 U/mL penicillin-streptomycin, 2 mM of L-glutamine (all Gibco-BRL, 
Gaithersburg, MD), 10^ M of 2-mercaptoethanol (Sigma, St. Louis, MO). 

13. The following recombinant factors are used: human SCF and human TPO (both 
AM GEN, Thousand Oaks, CA); human FL (PeproTech, London, UK); hyper- 
IL-6 was produced in yeast as described (17) and was a gift from S. Rose- John 

/T^' _1 fl \. 1 TT A /0„1__^ TD1 1- T^ '1 i1_ TVTT\. 1 

(jvlci, kjcl many ) , Human ij^-h- (ouiiciiiig-riuugii, jveiiiiwuim, JNJ), Human 

rlN4 f^VL* l\ aiiVrviniv l\Tmrnftin lxTiii-nl-XiHTr rratYnitniV nnmnn ' I ' TVlCi /->» tttoo o m-r+ 

from G. R. Adolf (Boehringer Ingelheim Austria, Vienna, Austria). 

14. Centrifuge (Heraeus, Berlin, Germany), 

15. 5% C0 2 incubator (Steri-Cult 200; Forma Scientific Inc., Marietta, OH). 

16. Tissue culture dishes or flasks. 

17. Aminoethyiouronium bromide (AET; Sigma, St. Louis, MO). 

18. Dynabeads M-450 for Pan Human MHC-II+ cells (Dynal A.S., Oslo, Norway). 

19. 3 H-thymidine (29 Ci/mmol; Amersham Pharmacia Biotech). 

20. Liquid scintillation counting (Micobeta counter; Wallac, Turku, Finland). 

21. Transwell inserts (5-fxm pore size, Costar, Cambridge, UK). 

22. ELC chemokine (Peprotech, London, UK). 

OA Inlnrtrpcppiri-rli- A pptotp (T^ T^\ A Qirrmo ^It T nmc^ 

Q MpthnHQ 

\Jm IVICUIUUO 

Afofe; Human cord blood or bone marrow are biohazardous and therefore 
must be handled in a proper biohazard containment facility. All work must be 
performed in a sterile biohazard hood and Latex gloves must be worn when 
handling these samples. All waste must be autoclaved prior to disposal. 
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o.i. isolation oi mononucieai ueiis rrom uora diooq 

1. Cord blood samples are passed through a 70-^im cell strainer, diluted with 4 
volumes of PBS containing 2 mMEDTA; then, 35 mL of diluted cell suspension 
are carefully layered onto 15 mL Ficoll-Hypaque in a 50-mL conical tube and 
centrifuged at 400g for 30 min at 20 °C without setting brake {see Note i). 

2. Aspirate the upper layer leaving the mononuclear cell layer at the interface. 

l^ i-irai-i-il 1 1? +*•«-! n n +■£!*■ +rif3 intai^\nncQ /-»£illn +r\ n na^ir >ll tviT r>rtninnl Hirxa Till +ri£a tnKa 
^■CH\^-LU11 V lldllOlCl UIV' llllV^l [JllClO^ \s\sL10 IU CI 11V^ VV U\J~ li.i-1-i V^VJlllVCll H4UV^, 1111 U1V lUUt 

with PBS containing 2 mM EDTA, and centrifuge at 300g for 10 min at 20°C; 
remove the supernatant, resuspend the cell pellet in 50 mL PBS with 2 mM 
EDTA, and centrifuge 300# for 5 min at 20°C. 

3. Resuspend the cell pellet in a final volume of 300 \xh isolation buffer (PBS 
containing 0.5% BSA, 2 mM EDTA) per 10 8 cells (for less than 10 8 cells, adjust 
to 300 fxL with isolation buffer). 

3.2. Magnetic Labeling of CD34+ Cells 

1. Add 100 \xL FcR blocking reagent (reagent Al; see CD34 Progenitor Cell 
Isolation Kit) per 10 8 cells and mix gently; then, add 100 jaL hapten-conjugated 
anti-CD34 antibody (reagent A2), mix again, and incubate cells for 15 min at 
4°C (.see Note 2). 

2. Cells are suspended with 5 mL PBS containing 2 mM EDTA (washing buffer) 
and centrifuged at 300g for 10 min; remove the buffer completely. Resuspend 
the pellet in 400 \xL isolation buffer per 10 8 cells, add 100 jaL of paramagnetic 

Uli lV'U 1Y11V1UJ-»\^UUl3 ^1 \s llgjX^lll. J-'/; 1111A VVVll, llll\_l 111VUUUIV/ 1U1 X *J 111111 Ul T ^_- . 

Wash cells with washing buffer and resuspend cell pellet in 500 uL isolation 
buffer per 10 8 cells. 

3.3. Magnetic Separation of Mononuclear Cells 

1. Connect the MS+/RS+ column with a 21-t y a cr e needle; assemble MS+/RS+ 
column in the magnetic field of MACS separator. 

2. Fill column and rinse with 500 \xh isolation buffer. 

3. Apply cells and pass through the column; wash three times with 500 \xL isolation 
buffer {see Note 2). 

4. Remove column from MACS separator, place column in 10-mL tube, and elute 
retained cells with 1 mL isolation buffer using the plunger supplied with the 
column. 

5. Eluted cells are then applied to a new prefilled MS+/RS+ column; the column is 
washed three times and cells are eluted in isolation buffer as in step 3. 

3.4. Evaluation of the Purity of the CD34+ Stem Cell 
Preparation by Flow Cytometry 

1 . Take an aliquot of eluted CD34+ cells and stain with FITC-conjugated anti-CD34 
antibody (clone AC 136, which recognizes an epitope different from that recog- 
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inzcu vy uie inuiiuuiuimi aiiuuuuy yDDiM^/iu;, i.ju uiiuuun, iiiuuutuc iui 
15minat4°C. 

9 Aftpr ctmnina rpllc arp wnchpH with PPiSl rnntmnina D ^% FiSIA fFAP^ Hiiffpr^ 

and resuspended in 300 \ih FACS buffer, propidium iodide (2 fig/mL) is added 
for gating on viable cells. CD34 expression is analyzed by flow cytometry using 
a FACSCalibur device and CELLQuest software (Becton Dickenson, Heidelberg, 
Germany). 

3.5. Culture of CD34+ Stem/Progenitor Cells 

1. Resuspend CD34+ cells at (0.3-0.5) x 10 6 cells/mL cell density in serum-free 
StemSpan medium containing 100 ng/mL SCF, 20 ng/mL TPO, 50 ng/mL FL, 
and 5 ng/mL hyper-IL-6. The cell number is determined in regular time intervals 
and cytokines are added every second day. 

2. After 4 d of culture, cell density is kept at 1 x 10 6 cells/mL. 

3.6. Differentiation of DCs from CD34+ Stem/Progenitor Cells 

1. After 12-14 d of culture with SCF, TPO, FL, and hyper-IL-6, cell numbers 
have increased by more than 100-fold and cells are then induced to differentiate 

2. Then, cells are harvested by centrifugation (300g, 10 min), washed with Eagle's 
medium and centrifuged again (300?, 10 min). Cells are then resuspended at 
0.5 x 10 6 cells/mL cell density in complete RPMI 1640 medium containing 10% 
FCS, GM-CSF (500 U/mL), and IL-4 (500 U/mL). 

3. Every second day, half of the medium is replaced by fresh culture medium, and 
GM-CSF and IL-4 are added to the final concentration as in step 2. 

4. Routinely, cells resemble immature DCs at d 5-6 of culture with prominent 
dendritic processes and hairlike cytoplasmic projection and express CD la, 
CDllc, andCD80. 

5. To induce maturation, ceil numbers are adjusted to 0.5 x 10 6 ceii/mL and ceils 
are cultured for an additional 24 h with TNF-a (10 ng/mL). Mature DCs show 

lAnrt voilo onrl V>mh ovni-AcciAn nf A^HP r<1occ T ntiH TT CT^AH fi^GO CT^Ql. CT^Q& 

1VJ11C, VX^XXO CllIV-l AJXiiXA \^yVIJX\^L3L3XV7iX WX 1T111V \^XCIl3l3 X Clll\_l XX, \^L/-TV/, ViyUUj ^—-X-'U^' '*_-X J 'UW, 

and CCR7 (see Table 1). 

3.7. Mixed Leukocyte Reaction (MLR) 

1. Dendritic cells efficiently stimulate T-cell proliferation in mixed-leukocyte 
reaction (MLR) assay. Mixed-leukocyte reaction is done as described else- 
where (18). 

2. Briefly, HPCs and DCs are recovered, irradiated (5000 rad), and used as stimula- 
tor cells. T cells are obtained from peripheral blood and depleted of erythrocytes 
by rosetting with AET- treated sheep red blood cells. 

3. The MHC-II+ cells are depleted by using Dynabeads. Increasing numbers of 
stimulator cells are incubated with 1 x 10 5 responder T cells/well in RPMI, 
iuvc rL.d ior 5 a. 
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Table 1 

Cell Surface Markers of Hematopoietic Progenitors (HPCs, d 14 
of Growth) and Differentiated DCs (d 6 of Differentiation Culture) 







HPCs 


DCs 


DCs+TNF 


Surface marker 


Characteristic 


(%) 


(%) 


(%) 


CDla 


DC, Langerhans cells 


3.1 


45.6 


75.7 


CDlla 


Integrin a L 


91.8 


82.7 


78.9 


CDllc 


Integrin a x (3 2 


4.2 


77 


82 


CD14 


Monocyte 


20.1 


7.8 


1.8 


CD29 


Integrin (31 


94.9 


85.1 


68.4 


CD33 


Myeloid cells 


84.8 


80.5 


60.3 


CD40 


DCs, B cells 


1.2 


74 


85 


CD49d 


Integrin a4 


95.1 


72.6 


75 


CD54 


ICAM-1 


60.7 


77 


94.9 


CD71 


Transferrin receptor 


58 


37.4 


33.8 


CD80 


Costimulatory molecule 


4.3 


41.5 


62 


CD83 


DCs, Langerhans cells 


2.6 


8.8 


54 


CD86 


Cstimulatory molecule 


4.5 


16.5 


59.5 


HLA-DR 


MHC class II 


20.3 


69 


73 


Mannose receptor 


DC, macrophage 


1.4 


52.2 


44 


CD117 


c-kit/SCF receptor 


14 








CCR7 


Chemokine receptor 





15 


46.7 



Results are mean of 3-6 independent experiments with standard deviation less than 20% 



4. Cells are then incubated with 1 jxCi 3 H-thymidine (29 Ci/mmol) per well (6 h), 
harvested, and subjected to liquid scintillation counting. 

5. T-cell proliferation is particularly high when TNF-a is applied to induce full 
maturation of DC, whereas hematopoietic progenitor cells grown with SCF, 
TPO, FL, and hyper-IL-6 are inactive in MLR. 

3.8. Chemotaxis Assay 

Finally, DCs are active in chemotaxis assay and migrate toward CCR7 
ligand ELC gradients. Chemotaxis assay is performed as described with minor 
modifications (19), 

1 . Briefly, DCs are incubated for 2-4 h in serum-free RPMI medium with GM-CSF 
and IL-4. 

2. Prior to analysis, Transwell inserts are preincubated in RPMI plus 1% BSA 
and 2 x 10 5 cells are seeded in the upper compartment in 100 ^im RPMI plus 
1%BSA. 
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J. Cl^^ U11C111UK111C (lUU llg/1111^) lb clUUCU LU U1C UjJjJCl UI 1UWCI UUlliptUUllCllL IU 

analyze migration against or toward gradient, respectively. 

A NTinptv mirmtpc Ifitpr 1 v 1 fr" PK/rrnhpfiHc s\re* s\r\r\e*r\ tn thp Inwpr rnmnnrfmpnt tn 

normalize for variations in the experimental procedure. 

5. Cells are stained with Fluorescein-di-Acetate (FDA), and cells and beads are 
recovered and analyzed by flow cytometry. 

6. By gating on beads, the ratio beads : FDA positive cells is determined and allows 
a precise calculation of transmigrated cells. 

7. The chemo tactic activity of DCs is particularly high after TNF-a treatment. 

4. Notes 

1. Do not use cord blood samples that were stored for more than 10 h, and cord 
blood should be kept at 4°C prior to cell fractionation, because these factors 
affect the quantity and quality of the isolated CD34+ cells. 

2. During isolation of CD34+ ceils, use cold solution (4°C) and work quickly 
during labeling with reagents Al, A2, and B, because increased temperature and 

nrnl r\r\ rva/~l inoiinotinn hma mow lao/i +r\ iincinar>ifir> loKalinrt U/opn i">a11ci r*ot-QTiil 1 17 
JjFXVjFiVjFllgjV^U lllVUUaUUll l-A-ll-lV/ liltij J.WUVJ IU UllOp^VlllV ±U.Uf^±-Lllg,. !TUOU \^v^±±o WUVIUIIJ 

and remove buffer completely from cell pellet after labeling. Avoid bubbles in 
the matrix of the column during separation, as this mav lead to clogging of the 
column and a decreased quality of separation. 

3. Isolation of CD34+ cells from bone marrow follows similar protocols, with 
the modification that bone marrow cells should be diluted 10 times with PBS 
containing 2 mM EDTA and then passed through 30-[im nylon mesh prior to 
Ficoll-Hypaque centrifugation. 

4. Hematopoietic progenitor cells proliferate very fast with the culture condition 
described above. If apoptotic cells occur after about 10 d of culture, cells are 
harvested and diluted with an equal volume of Eagle's medium and subjected 
to Ficoll-Hypaque centrifugation as above. Recover old culture medium and 

rAcucnpnH r>p11e at 10" r>p11e/mT in ^C\Qh QtpmQr\cm mprliiiTn cmrl ^ClQh nlrl r>n1tnrp 

medium and add cytokines (SCF, TPO, FL, hyper-IL-6) to the final concentration 
as in Subheading 3.5., steu 1. 

5. CD34+ cells can also be expanded in RPMI 1640 medium with 10% FCS 
instead of StemSpan medium and differentiated into DCs as in Subheading 3.5., 
step 1. However, in RPMI 1640 culture medium, cumulative cell numbers are 
lower than those in StemSpan medium. 

6. Differentiation of DCs from stem/progenitor cells is strongly influenced by the cell 
density in culture. If cells are kept at low cell density (less than 1 x 10 6 cells/mL), 
differentiation will occur faster than at high density, as monitored, e.g., by 

a ,~ 1„+* ~-c r^rM a — ^~~~~: tu ~-ec~~+:,,~i, T :„j t\s~< ~,„+ — „+: 

UUWlllCgUlClllUll Ul \sVJ l^t CAJJ1CS51U11. iu cucuuvciy lllUU^C LJK^ lllcUUlcUlUll, 

TNF-a is added to cells at low cell density (less than 0.5 x 10 6 cells/mL). 

7. The concentration of GM-CSF and IL-4 can also affect DC differentiation. If DC 
differentiate with slow kinetics (e.g., CD14 expression is not downregulated), it 
is stronglv suggested to increase the IL-4 concentration to 1000 U/mL. 
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o. i^uinig Qllicrcntiation, sumc tens win auncic iu uic uunuic uisn, wncictis uuicis 

will stay nonadherent or loosely adherent. We note, however, that the nonadherent 

r-pllc Hn nnt ciani fir-nntW Hiffpr frnm thp nHhprpnt nr Inncplv nHhprpnt r-pllc (e* a 

in their surface marker expression [CD 14, MHC class IT, CD80, CD86, etc.]). 
Additionally, if the nonadherent cells are transferred to a new dish, some of them 
will become adherent again after a short time of culture. Thus, every transfer of 
cells during culture will result in some cell loss. Therefore, it is recommended 
that cells be cultured in the same dish during differentiation. 
9. Dendritic cells can be generated in culture medium containing FCS or human 
serum. It is recommended to compare various batches of FCS, because FCS 
quality may influence DC differentiation. Generation of DCs under serum-free 



o 



meaium normany requires supplementation wim iransiorming growm iacior-p 

/ W m J 1 Li .r\.-*» rt Ii *-h 1 Artl *-\-#^-*^ I -a .r* j-k 4--t .rx.*-H -a 4- -a r^t -a -w\ -#^ j^\ ■*• n 4- -a -w t 

\a\jj. rOI winii^ai appuv^auuii, n is iiiip^iauv 

human serum or under serum-free conditions. 



/ W m J l Li .r\.-*» rt Ii *-h 1 Artl *-\-#^-*^ I -a j^\ r\4--a .rx.*-H -i 4- -a r^t -a -a<v\ -#^ j'** -#* i-k + -« x ta 4- -rx *-*■ s^. +■% j-\-**n4- s^. Ill fi -■ *-h nn^ y-x I ./-*. *-*■ .r\.T-i n 

\a\jj. iui winii^ai appuv^auuii, n is iiiip^iauv^ iu g^n^iai^ ±-/^a in auiuiuguua 
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Dendritic Cell Development from Mobilized 
Peripheral Blood CD34+ Cells 

Deanne M. R. Lathers, Nicholas Achille, and M. Rita I.Young 



1. Introduction 

Dendritic cells are not a homogenous population, but develop through differ- 
ent differentiation pathways, whose prominence is dependent on the cytokine 
milieu. Although dendritic cells can be readily derived from monocytes, 
dendritic cells that develop from CD34 + progenitor cells have a more efficient 
antigen-presenting capability (1). However, even the development of dendritic 
cells from CD34 + progenitor cells can occur through several different pathways 
(2,3). In one differentiation pathway, CD34 + cells mature into committed 
CD14-CDla + precursor cells that give rise to CDla + dendritic cells. In a 
second differentiation pathway, CD34 + cells first develop into bipotential 
CD14 + CDla" precursor cells, which mature into bipotential CD14 + CDla + 
intermediate precursor cells. These intermediate cells can differentiate into 
monocytic cells in the presence of colony stimulating factor 1 (CSF-1), or into 
dendritic cells in the absence of CSF-1 (3,4). 

The methods described herein can be used for differentiating mobilized 
human peripheral blood CD34 + progenitor cells into dendritic cells and for 
identifying the pathway by which this differentiation occurs. The major 
procedures described for these protocols include the isolation of CD34 + cells 
from the peripheral blood, culture conditions for the isolated CD34 + cells, 
flow-cytometric detection or fluorescence-activated cell sorting of intermediate 
precursor cells, and identification of resultant dendritic cells. 
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. iviaiei lais 

2. 1. Isolation of Peripheral Blood Mononuclear 
Leukocytes (PBMLs) 

1. Fresh human blood collected in an anticoagulant such as heparin or EDTA (see 
Note 1). 

2. Hank's balanced salt solution (HBSS; Sigma Chemical Co., St. Louis, MO), 
room temperature. 

3. Histo-Paque (Sigma), room temperature. 

2.2. Isolation of CD34+ Cells from the PBMLs 

1. Lujt rrogeimor L.en isolation jvii (iviineiiyi moiec, Auburn, l./\) (see r^oie 2): 

Human ±g v. A vj.v uiuvjviug i^ag^in, i^agtuu m;, 

Hapten-conjugated CD34 antibody (reagent A2; clone QBEND/10); 
Colloidal siinprnaramapnptir MACS MirrnRpaHs conjugated to antihanten 

antibody (reagent B). 

2. Separation buffer: phosphate-buffered saline (PBS) containing 0.5% bovine 
serum albumin and 2 mM EDTA; degassed. 

3. Magnetic cell separator (MiniMACS; Miltenyi Biotec). 

4. MACS-positive selection column(s) type MS+/RS+ (Miltenyi Biotec). 

O Q Hi lit lira PnnW/hrtne far r k HQA+ /^llo #/> niffnrantiata 

info Dendritic Cells 

1. 24-Well Costar tissue culture plates. 

2. Phenol-free RPMI 1640 culture medium (see Note 3) (Sigma) with the following: 

Endotoxin-free defined fetal bovine serum (Sigma); 
mnTTUT t>^«i^iiii« fQi nm ^\- 

0.25 fxg/mL Amphotericin B (Sigma); 
100 jxg/mL streptomycin (Sigma): 
0.02 M HEPES buffer (Sigma); 
5 x 10~ 5 M of 2-mercaptoethanol (Sigma); 
2 mM L-glutamine (Sigma). 

3. Cytokines Supplements for Culture Medium 

100 U/mL Human recombinant granulocyte-macrophage colony-stimulating 

factor (GM-CSF; PharMingen, San Diego, CA); 
50 ng/mL Human stem cell factor (SCF; R&D Systems, Minneapolis, MN); 
zj u/mL i umor necrosis iacior-a (iiNr-a; rnarivnngen). 



2.4. Identification of Dendritic Precursor Cells 
in Cultures Established from CD34+ Cells 

1. Human AB ^lasma ^Si^ma^ inactivated b v 30-min incubation at 56°C. 

2. PBS. 

3. Fluoresceine isothiocyanate (FITC)-conjugated CD la (PharMingen, clone 
H149). 



CD34 + -Cell-Derived DCs 4 1 1 

a r»u., t j.i :^ rDti"\ «;-,-, rro+a/4 /~itm a — j.:i ^i:~„ /r»i A/r:~, ^i~~~ ir:^\ 

h-. riiyuuciyuiiin (rc;-uuiijugciicu L^uit anuuuuics (riicuivimgcii, uiunc jez), 



5. FITC- or PE-conjugated isotype control antibodies (PharMingen). 

ft 1 % PnrnfrvrmalHph'vrlp 

7. Flow cytometer such as FACS brand (Becton Dickinson, San Jose, CA). 



2.5. Identification of Dendritic Cells in Cultures Established 
from CD34+ Cells 

1. Human AB plasma (Sigma), inactivated by 30-min incubation at 56°C. 

2. 4-Color Dendritic Value Bundle (Becton-Dickinson): 
• Lineage 1 antibody cocktail: 

FITC-CD3 antibody (clone SK7); 
FITC-CD14 antibody (clone M(|)P9); 
FITC-CD16 antibody (clone 3G8); 
FITC-CD19 antibody (clone SJ25C1); 
rn^-^uzu aniiDoay (cione L27); 
FITC-CD56 antibody (clone NCAM 16.2); 






PerCP-HLA-DR antibody (clone L243); 
APC-CDllc antibody (clone S-HCL-3): 
Isotype control PE-IgGi (clone X40); 
Isotype control APC-IgG 2a (clone X39). 

3. Wash buffer: PBS. 

4. 1% Paraformaldehyde. 

5. Flow cytometer such as FACS brand (Becton Dickinson, San Jose, CA). 

3. Method 

3. 1. Isolation of PBML 

1. Pipet 10 mL Histo-Paque into 50-mL conical centrifuge tube. 

2. Dilute freshly isolated peripheral blood with an equal volume of HBSS and 
layer diluted blood on top of the Histo-Paque within the 50-mL centrifuge tubes, 
making sure not to mix the two layers. 

3. Centrifuge the gradient in swinging buckets at 400g for 15 min at 20°C with 
brake on low or off. After centrifugation, the PBMLs should form a band at 
the interface between the diluted plasma and the Histo-Paque; erythrocytes and 
granulocytes will be sedimented. 

"r. \j&^ a jjip^u i\j itinuvt mjuiu auuvt uit v^n uaiiu anu uiavcuu una ncjuna. ^oitiunj' 

collect the band of PBMLs and transfer into a new conical centrifuge tube. 

5. Dilute isolated PBML cells by the addition of 30 mL HBSS. 

6. Centrifuge at 300g for 10 min at 4°C, discard the liquid, and repeat cell washing. 

3.2. Isolation of CD34+ Cells from the PBMLs 

l. The CD34 + cells can be immunomagnetically isolated from the PBMLs with a 
high degree of progenitor cell purity (5,6). This is accomplished by an indirect 
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magnetic labeling system using a hapten-conjugated primary monoclonal 
anti-CD34 antibody and an antihapten secondary antibody coupled to magnetic 

mir'rnhpiirlc Pnllnw rvrnr-prhirp e*^c\r\\\r c\q HpcrrihpH in thp Hirprtinnc that accOTTI- 

lllXVJ.VL/VMULJt J- ^V-L.i'Vy ft L/lVWUtUV V^IWVUJ MLI V^VL/VXXL/ V\^ 111 HA^ VH1WHV11LJ l-J.-I.Wl- WVVV111 

pany the CD34 Progenitor Cell Isolation Kit from Miltenyi Biotec. Keep 
all reagents cold. The described procedure is for a starting number of up to 
10 8 cells. 

2. Suspend the PBMLs at 300 \xL separation buffer per 10 8 cells. For less than 
10 8 PBMLs, resuspend to 300 \xL. 

3. Add 100 \xL FcR blocking reagent (reagent Al) to the suspended cells and mix. 

4. Add 100 \xL of the anti-CD34 antibody mixture (reagent A2) and mix again. 

5. Incubate cell suspension for 15 min at 4°C. 



_ ._ _ j _ 



0. wasn cens oy aaaing z mi^ separation ouner, cenirnuging 3wg ior iu mm ai 

■4 ^, i^niuviiig iii^ auptiiiaiani anu itouaptiiunig wtna 111 tuu jAl< uuiiti. 

7. Add 100 fiL of the MACS MicroBead mixture (reagent B), mix, and incubate 
for 15 minat4°C. 

8. After washing cells, resuspend in 500 \xh separation buffer. To separate the 
CD34 + cells, place the positive selection column (MS+/RS+) in the magnetic 
field of the MACS separator. 

9. Rinse the column with 500 fxL separation buffer and discard the rinse. 

10. Add the cells onto the column and allow cells to pass through the column, 
making sure that all liquid has passed through the column before initiating the 
next step. 

11. Wash column two times, each with 500 \iL buffer. 

12. Remove the column from the MACS separator and place onto a tissue culture 

tuna 

13. Add 500 jxL separation buffer to the column to elute cells; repeat with another 
500-u.L elution. After each wash, use the column's plunger to remove remaining 
cells. 

14. Add 1 mL culture medium to each tube. 

1 5 . Centrifuge cells at 300g for 10 min at 4°C and resuspend in cytokine- supplemented 
medium. 

3.3. Culture Conditions for CD34+ Cells to Differentiate 
into Dendritic Cells 

1 . After isolation, the CD34 + cells are susoended in RPMI 1640 culture medium sud- 
plemented with the cytokines 100 U/mL GM-CSF, 50 ng/mL SCF, and 25 U/mL 
TNF-a at a density of 2.5 x 10 5 cells/mL, and seeded in a volume of 2 mL per 
well of 24-well plates. 

2. Incubate the cells at 37°C in a humidified 5% C0 2 in air incubator for a total 
of up to 2 wk. 

3. Gently aspirate medium and replace with fresh medium containing GM-CSF and 
TNF-a to the cultures every 4-5 d. 
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in Cultures Established from CD34+ Cells 

1. After 5-6 and 8-9 d of culture, dendritic cell precursor populations can 
be detected phenotypically as CD14~CDla + cells, CD14 + CDla~ cells, and 
CD14 + CDla + cells. Cultures can be immunostained and analyzed by flow 
cytometry for the presence of these cell populations. This procedure is described 
in steps a— 7. in aQQiuon, uiese ceil populations can uc isuicucu uy nuuic&tcui- 
activated cell sorting and further cultured to confirm their capacity to give rise 
to dendritic cells. This procedure will not be described in this chapter, but has 
been described previously (7). 

2. After 5-6 and 8-9 d of culture, collect cells that have developed from the CD34 + 
cell cultures by pipetting the culture's medium several times to dislodge any 
loosely adhering cells. Residual adherent cells can be detached with a cell 
scraper. 

3 . Transfer cells to a 1 5-mL conical centrifuge tube and pellet the cells by centrifuga- 
tion at 300g for 10 min at 4°C. 

4. Discard the supernatant and resuspend cells in PBS at a concentration of 
10 6 cells/mL. 

J. iicuioi^i x hij_j ui vv^n auopv^noiwii iu a ,j-iiij_j puiypi wp yia^ii^ iuuv, pvuv^i vv^iio uy 

centrifugation at 300g for 10 min at 4°C. 

6. Resuspend cells in 100 n.L PBS plus 50 nL human plasma to block nonspecific 
binding of antibody. 

7. After 30 min of incubation on ice, wash the cells and resuspend in 20 [xL 
FITC-CDla plus 20 \xL PE-CD14 antibodies or appropriate isotype control 
antibodies. 

8. Incubate on ice in the dark for 30 min. After 30 min staining, wash cells twice, 
each time by dilution with 1 mL PBS, and centrifugation at 300g for 10 min 
at 4°C. 

9. Resuspend ceils in 0.5 mL of 1 % paraformaldehyde and determine the percentage 
of positive staining cells using a flow cytometer such as a FACS 420 (Becton 
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3-5- Identification of Dendritic Cells in Cultures Established 
from CD34 + Cells 

1. Two different subpopulations of dendritic cells can be detected to develop from 
the cultured CD34 + cells. They can be detected by their lack of expression of 
lineage markers for monocytes, lymphocytes, and granulocytes (linl~) and by the 
expression of HLA-DR plus either interleukin (IL)-3Ra (CD123) or CD1 lc. This 
is accomplished with Becton Dickinson's 4-Color Dendritic Value Bundle kit. 
Follow procedure exactly as described in the directions that accompany the kit. 

2. Resuspend ceils in 100 \xL PBS plus 50 \xL human plasma to block nonspecific 
binding of antibody. 
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3. Combine antibodies as follows into each of two tubes for each sample being 
analyzed. 

A Tn fhp firct tnhp c\r\r\ 90 nT 1in1 ftntiHnrlv miYturp f fintihnrlipc tn fT)^ fTllZL 

I* ill U.AW 111 Jl VVH-^V* dVJ»V*l ^-"V_T UVJ^/ A AX J. J. Ull^ll/VUJ Ull^LtUlV \ Ullll J-* V/ ^*A W U l-V "%_^* A-** - w* * "%_^* A-** - A I* 

CD16, CD19, CD20, CD56), 10 \iL anti-CD 123, 10 jaL anti-HLA-DR and 5 fiL 
anti-CDllc. 

5. In the second tube, combine 20 \xh linl antibody mixture, 10 \xh anti-HLA-DR, 
and isotype control antibodies at concentrations equivalent to the CD 123 and 
CD lie antibodies. 

6. To each tube, add 100 \xL of cells (no more than 10 6 cells) collected from the 
CD34 + -derived cells that have been in culture for 2 wk. 

7. Incubate 25 min on ice in the dark. After incubation, gently mix each tube and 

111 t nn n 

auu i mi^ r£>d. 

o. ^^iiuiiug^ uuuii luuta ai juu^ iui ~> 111111. 

9. Remove supernatants and resuspend cells in 500 \xh of 1% paraformaldehyde. 

10. Analyze cells on a FACS brand flow cytometer within 24 h, acquiring at least 
50,000 events. 

11. To analyze samples, follow the instructions provided with the 4-Color Dendritic 
Value Bundle kit (see Note 4). Briefly, use forward and side scatter to exclude 
debris and dead cells (region 1). Live cells (gated region 1) that either stain dimly 
or negatively for lineage- specific markers are then identified and gated (region 
2). Of this latter population (region 2), dendritic cells that are HLA-DR + plus 
either CD! lc + or CD123 + are then identified. 

A MotPQ 

-t. I1UICO 
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i. iviosi cnucai 10 successiuny generating aenanuc cens irom luj^ 1 cens is 
the freshness of the starting population of cells. The peripheral blood should 

\\p> nri n\r\c*r tVian £ \~\ PRA/fT c nctn V\r\\nre*-\7C*r- V*£» nc*=»H efftf^r V\f^inn o+r\re±r\ -frr» r 7£»r» 

L/V^ LL\J V/1UV1 l-l±Ct±± \J J.±. J. JJlflJ-lJ V-Ct±±, ± ±\J VV V V V>-L , L7V> WkJV^VJ U11V1 I_7V>-I-±± £_ JIV/1VU 11 U^/Vll 

in liquid nitrogen in a mixture of 1 part dimethyl sulfonate and 9 parts fetal 
bovine serum. 

2. The technical notes accompanying the CD34 Progenitor Cell Isolation Kit are 
superb in their description of both the underlying approach being used as well as 
the specific methods to be employed. 

3. The rationale for recommending phenol-free culture medium is to reduce 
background fluorescence of cultured cells. To maintain the activity of working 
stocks of cytokines, dilute cytokines in culture medium and aliquot prior to 
freezing. Thaw cytokine aliquots just prior to addition to cultured cells. When 
working with a small number of cells, 96-well tissue culture plates have been 
used, but not successfully. Therefore, 24- well plates should be used, even if the 
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4. Analysis of cells that have been stained with the dendritic cell bundle kit requires 
CellQuest, Attractors, or PAINT-A-GATE PR0 software. The fact sheet from 
Becton Dickinson that accompanies the kit very clearly demonstrates how these 
software applications are used to identify the stained dendritic cells. 
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In Vitro Maturation of Dendritic Cells 
from Blood Progenitors 

Lina Matera and Alessandra Galetto 



1. Introduction 

Dendritic cells (DCs) are the most potent antigen-presenting cells (APCs) 
because of their ability to elicit strong proliferative response to alloantigens 
and to recall antigens. Most importantly, DCs have the unique ability to initiate 
the immune response by capturing antigens in peripheral tissues and migrating 
to secondary lymphoid organs, where they sensitize naive CD4+ T cells to the 
antigen. DC migration is concomitant with maturation, during which the DCs 
lose their ability to acquire and process antigens (1,2). 

The difficulty of isolating DCs from tissues and blood has fueled the efforts 
toward unraveling the basic DC biology and later to development of methods 
to obtain DCs in large numbers in vitro. This has opened the possibility of 
using DCs to induce immunity in vivo. 

In man, DCs can either be generated from rare, proliferating CD 34+ precur- 
sors (1-2% in bone marrow, <0,1% in peripheral blood of healthy adults, 
<l% in cord blood) or from more frequent nonproliferating CD 14+ monocytes 
(usually 5-10% of periferal blood mononuclear cells [PBMCs] in healthy 
adults). It should be stressed that although there are definite similarities with 
the "gold standard" of directly purified blood DC populations, there are also 
notable differences. The level of heterogeneity is dependent on the population 
of DC progenitors and the cytokines used to trigger progenitors to maturation. 
The CD34+ method uses granulocyte-macrophage colony stimulating factor 
and tumor necrosis factor-a (GM-CSF+TNF-a) as key cytokines, whereas the 
CD 14+ approach requires GM-CSF+IL-4 (interleukin-4). For experimental 
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purposes, cord blood CD34+ cells and CD 14+ monocytes are convenient 
sources for propagating DCs in vitro. For clinical use, adult blood is most 
accessible, but requires G-CSF pretreatment of the patient to increase the 
otherwise minimal percentage of CD34+ cells, whereas no such treatment is 

j~j :r r^i^vi a ■ „~ii„ j „„ j-t,~ „4-~„4-i nlofi ■ — j~„j :„ *. „f 

11CCUCU 11 ^L/lH-f UCllt) MC Ut>CU ilS L11C S>UllLlllg pupilliUlUll. 111UCCU, 111 111USL Ul 

recent clinical trials, mature antigen-presenting DCs are typically generated 
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in viuu iiuin pcupn^iai uiuuu iiiuiiuuj tea u^ means ui a lwu-sicjj uuiluic 

analogous to the in vivo maturation process. Immature DCs (/DCs) develop 

il^i a u-u ni^uuaiiuii ui iiiuiiu^ lc;» wiui v_iivi-\_oi anu xi^-^t (.j,**/. i^iic^l 

effects of GM-CSF and IL-4 on monocytes are upregulation of CD la (5) and 

u.vjwni^guiaLivjii vji v_^a-/j_^t (u — o/, i^ap^^Li vuij. tL/v_x3 aiu LiiaiaLiwii^u u}' a dining, 
aunitj lv^ cajjiuit/ anuigv^iia. a nv^ uuarcnaianuiii^u iiiv^^iiaiii^iiiis w± allLlgCll 

internalization are phagocytosis by macrophages (9) and Langerhans cells and 

rcLr*£ki-\i-nir' nr\Ckr\t ni~ck.r\ Ck.r\ r\ i"v/"»\ r<~/~vo-i o l-\»f Yi i - "»<2kllo i I ill T-n mnnnni 7+a naniran llf c on/~l 
1 W^j_/tV'l - llH^UJ.ClU^ia UlUU^ J lUOlO UJ J-J CCllb ^iWy. All IIIWIIVJ^J LC LlCll \ \^\Ji 1S\^& ClllU 

Langerhans cells, the most efficient routes of antigen internalization have been 

ottr-1 r\nti=kH tr\ pnrlr>r>\ftncic ii7riir»n n i~ili t^o r\/~\tn mQprnn\rnr\pitr»ci c anrl nrlcr\rnHi7P 

M,H.A1L/«J.»-V^VJ. »-V^ VllUWJ (.VOlOj VY 111H1 WUIIZjVJ UVU1 111UV1 W U V 11W VI I WOl O H11VI UUJU1UUYV 

uptake via the macrophage mannose receptor (MR) and Fc receptors. The latter 

r»on PkQci1\? Ki=k m^ociirpkrl V\\r nr\taV<^ r\"F fliir\T"r\cr»Pkir»(=k icr\tliir\r»\^Q-nQti=k ^ThTTT^^ rl<^"vtrcir» 

V^ttll VUOH> L^V^ HlVUOUlVyU L/\ UUIU1VV Ul 11UU1 V70 W111V IJUUllUVJ LU1ULW \X J. A V— ' ; vjvyvuun 

(//). At this stage, DCs are relatively weak in priming T cells but can process 

HUVl L/1VUV1H. JWL/VlUllUtVllO tV UV^iAUAVA#_i VVl JL/VV111V A VV11 VlVllVOi VV111L/1VIV V*AA 

ferentiation to mature DCs (wDCs) is induced by lipopolysaccharide (LPS), 

mint^rt allprcrpnc \\5\rXpr\5\ anrl vinic TlSJln-rY TT -1 R nrnQtaalnnrliTi 1h» rPrTtH_^ 
intprfpron ^TtHlWrY immiinnctimnlatnrv linmptvlafprl r^nfr nlicrnnnr'ipntirlpc 

A A A V^^A J. 'W-L Vll \ XX J. 1 / \AI A -L J. A J. J. A V* A A ^_/ U V A A A A W* A W^ VV-* A T W4-AAAAA^ V J AWIW X^f- V/ |_/ ^_^ ^_/ A A t. V-' A A WVVXV X^ VA X^#- ^ VJ • 

poly (I : C) (12-17), and signaling molecules (IS ,19). In addition, factors released 
frnm activated monoevtes fmonocvte conditioned medium rA/TPA/Tl^ ran <;iinnnrt 
the final stage of DC maturation (20-22). mDCs are characterized by loss of 

Aa-iintakp ahilitv and armiisitinn nf strnnsr antiapn nrpspntatinn Thp transnnrt 
''5 u r — v *^ uulll v w± — l " v ^ "o — "0-— j-- — — UU1 — r V11 

and turnover of major histocompatability complex (MHC) class II is, in fact, 
developmentally regulated. In addition, DCs have the unique ability to present 
exogenous proteins in the MHC class I molecules, thus directly priming both 
CD4 helner and CD8 cvtotoxic Ivmnhocvtes fcross-nrimin^ (23). 

Mature DCs are defined in vitro by their enhanced ability to induce an 
allogeneic CD4+ T-cell mixed lvmnhocvte reaction, mornhologic features 
and unregulation of MHC class II and of the costimulatorv molecules CD40 
and CD86. The DC-restricted antigens p55, CD25, and CD83 also come 
ud after the addition of maturation stimuli (21.24). Uoresulation of MHC 
class II mainly results from redistribution of molecules from intracellular 
vesicular compartments to the cell surface. Phvsical changes occur as a result 
of rearrangements in actin filaments and microtubules during DC maturation 
(25). /DCs appear loosely adherent to the surface of culture dishes, whereas 
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mDCs detach from the plastic surface, appears as veiled cells, because of 
sheet- like lamellipodia and form large floating bright class II aggregates. 

Maturation ui u^s may continue until tney interact witn i ecus \lo) 
through crosslinking of CD40, which upregulates further the expression of the 

4-1 i~4- T i i~„ nrvon J r^r\0/z /tzr\ J j-:,,„+~ tt n ~- — +u~ .-,• 

UUSLllllUliUUiy IIIUICUUICS L-1JOU tlllU L-UOU \&V ) 3HU tlULlVitLC li^-lZ, SyilLllCJSlS 

(19,27,28). 

D^ausc many appii^auuiis ui lj\^?> iui ciinicai treatments di^ ucing investi- 
gated, it is crucial that methods used in disparate laboratories to mature DCs 

iiuiii uiuuu u^ ^uinpai^u, su uiai uic; inuat appiupnaic; v^c;ii pupuiaLiun lu 

be used for each is identified. We will present here our experience on the 

x-^v^±± acuvauun. 

2. Mdtcridls 

2. 7. DC Cultures 

1. The leukocyte fraction (buffy coat) from one unit of human blood. 

2. Washing medium: RPMI 1640 (IX) (Gibco cat. no. 61870-028), penicillin- 
streptomycin (final concentrations 100 U/mL and 100 ng/mL, respectively, or 
gentamycin 50 ug/mL) HEPES (25 mM) (Gibco cat. no. 42401-018), 2% heat- 
inactivated fetal calf serum (PCS). 

3. Complete medium (CM) (see Note 1): RPMI 1640, penicillin-streptomycin, 

T _fr1iitomir»i=» f final r>rmr>£ir»tr-citirm 7mS/f\ rv£»r»tciTTnir>ir» f final r»rvnr»£»«t-rat-irYn ^fl nrv/mT ^ 

2-mercantoethano] (2-ME) Tfinal concentration 5 ^ 10 - ^ M"i snHinm niruvatp 
(from 100X stock; Gibco cat. no. 11360-039), nonessential amino acids (from 
100X stock, Gibco cat. no. 11140-035), 10% heat-inactivated human AB sera 
(HS) from blood of at least four different blood bank donors. Do not add HEPES 
to CM. The above ingredients are filter sterilized (0.2 urn) before use, stored 
at 4°C, and used within 30 d. HS must be filtered through a 0.4-um filter and 
used within 7 d. 

4. Ficoll (Lymphoprep, 1.077 g/mL; Nycomed Pharma, Oslo, Norway). 

5. Granulocyte-Macrophage colony- stimulating factor (Leucomax) from Novartis 

(oasei, owiizciimiu; tuiu ii^-h- iiuiii rocu oysLcins (opauc iinpui i-oApui i S.r.l., 
Milan, Italy). 

ft lSJur-lpnnnrp nnlvparhnnnfp mpmhranp filtprc ZL-um* 1 ^-mm Hinmptpr 

\S * -L. 1 V*VlWk/VlV I^V-l-jr VWH/V11WI-V 111V111L/J.UUV llltVAU \_T * I Ullllt J. w' J. A i J. AX. V)-± M.lll-Vl.Vi * 

7. 15 mL and 50 mL Plastic tubes (Falcon plastics). 

8. 6- and 9 6- Well culture dishes (Corning). 



2.2. DC Surface Phenotyping 



FTTP- nrrilwrnprvthrin fPP WrmhiafttPrl ATTAKc nnti-hnrrmn miZl PfiRn TTiR^ 

CD83, MHC class IT (HLA-Dr), CD25, CDllc, and isotype controls (from 
Becton Dickinson). 
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Z. ir uunci. piiuspiicuc-uuiieieu sarnie (riDoj. iz iil/k/ i>ti2nrw4, iz iil/k/ iNan^r^, 
150mMNaCl,pH7.2. 

2.3. DC Antigen Uptake and Antigen-Presentation Activity 

1. FITC dextran (Sigma cat. no. FD 40S). 

2. Gamma irradiation source. 

3. Tetanic toxoid (TT) (from NIBSC, South Mimms, Potters Bar, Hertfordshire, UK). 

4. Methyl 3 H-TdR (specific activity 5 Ci/mM) (NEN-Dupont, Milan Italy). 

5. Enzyme-linked immunosorbent assay (ELISA) kits (Duoset, R&D, Minnea- 
polis, MN). 

o. Methods 

3.7. Preparation of iDCs from Monocytes 

1. Diluite blood 1: 1 with saline and stratify on Ficoll at the ratio of 3:2. Do 
not exceed 8 mL (if using 15-mL tubes) or 30 mL (if using 50-mL tubes) of 
diluted blood. 

2. Centrifuge at 500g for 30 min at room temperature with the brake off. 

3. Transfer cells at the interface in 30 mL washing medium. 

4. Centrifuge at 150g for 10 min (brake on) (see Note 2). 

5. Discard the supernatant and add washing medium. Repeat twice from step 4. 

vj. juaptnu ruivi^a 111 ^iv± aii a iu /nii^ ama piait; ^ iiij_j 111 a siA-wtn piai^. 

7. Incubate for 2 h at 37°C in a 5% C0 2 humified incubator. 

8 Wash thp wpIIs twice with 3 tt>T nrpwarmprl (37 CM hv crpntlv rntntina thp 

plate and collect the nonadherent cells in a 50-mL tube. Freeze an aliauot of 
these cells (see Subheading 3.5.2., step 1). 
9. Add to enriched monocytes (see Note 3) 3 mL CM (see Note 4) supplemented 
with 1000 U/mL of GM-CSF and 1000 U/mL of IL-4 (see Note 5). 

10. Fresh CM containing cytokines must be replaced on d 3. 

11. On d 6, the /DCs can be collected after one washing with cold nonenzymatic 
cell dissociation solution (Sigma- Aldrich, Germany; C-1544 Steinheim) and 
incubated with the same medium for 5 min at 4°C (see Note 6). 

12. Freeze an aliquot of these cells (see Subheading 3.5.2., step 6). 

3.2. Preparation of mDCs 

i uiiuwnig tnu pinning pnaau *ji vj u., tuv^ dv^^vjiiia au^p vji iiiatuiauuii pnaau 
ii3 iiiu-u^v^u. uy au-u-ing, LU tuv^ unip^i tu.±uv^u. wiiginai vjivi - ^iji tiij — r inv^uiuin ~>\j /v 

(v/v) MCM (see Note 7). 
3.2. 7. Preparation of MCM 

1 AHH 4 mT . nf hunrmn v-alnhnlin MO ma/ml. Cflrvnp.1 T nh« Drannnn Tpknikn 



Westchester, PA) to the plates for 1 min. 

2. Remove residual y-globulin. 

3. Wash the plates three times with PBS. 
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a t „., c .. 1 n7 r»T>Tv /tr^ ±~ t~ ^.j ^i„4.^„ j? — 1 u :„ ,,~i ~c £. o t r^-\ n 

h-. i^tiyci j a iu roiviv_ umu ig-uutucu pieties iui i 11 111 vuiuincs ui u— o 1111^ v_ivi. 
5. Wash off nonadherent cells with gentle aspiration. 

f\ Tnr'iihfitp v-alnhnlin nHliprpnt r-pllc in C^lVf with 1% nf nntnlnonnc nlacmti nt 

X_/ • illV L* L-* Ul-V T (klVL/Ullll UVUlVi-Vllt W±XLJ 111 -*^-J.TA ¥ ¥ J. HA J. / \J V -A- WW-l-Vl V U V/ l*U |_f -L V-t LJ -L -L J- kl VH- 

37°C for 24 h. 
7. Collect and freeze at -20°C prior to use. 

After 2 d, mDCs are collected as suspension cells by three quick washings 
with prewarmed culture medium (see Note 8) and frozen in 2 x 10 6 aliquots 
(see Subheading 3.5.2., step 6). 

.«?. t^n&nuiyp& Oi iks\*s anu muKsS 

1. Prepare 2 x 10 5 cells in 200 [xL IF buffer for each surface marker to be tested. 
Also include the isotype control for each MAb. 

2. Add the appropriate experimentally predetermined amount of MAbs. 

3. Incubate on ice for 30 rriin and wash twice in IF. 

4. Fix the cells with 1% (w/v) paraformaldehyde in PBS for 30 min at room 

5. Perform flow cytometry analysis (see Note 9). 

3.4. Analysis of the Endocytic Activity of iDCs and mDCs 

1. Prepare in wells of a 24- well ^late three different sets (A, B, C) of DCs, each of 
5 x 10 5 cells in 3 mL RPMI 10% AB serum. 

2. Keep culture B 1 h at 4°C. 

3. Add FITC-dextran (0.5 mg/mL) in cultures B and C. 

4. Incubate culture B at 4° C for 30 min. 

5. Incubate cultures A and C at 37°C in 5% C0 2 for 30 min. 

6. Transfer cells to 15-mL tubes and wash three times in washing medium plus 
2 mM NaN 3 at 250g for 10 min each. 

7. Resuspend in 0.5 mL PBS and analyze FITC-dextran-positive cells by flow 
cytometry. 

3.5. Analysis of the Antigen-Presentation Activity 
of iDCs and mDCs 

3.5.1. Presentation of Ailoantingen 

One-way mixed lymphocyte reaction (MLR) is performed as follows: 

1 . CD3+ T-cells are isolated from PBMCs of allogeneic donors by positive selection 
wiui magnetically laucicu ^i^j jmuuucaus un a uuiuiini pia^cu in me magnetic 
field of a MACS separator, according to the manufacturer's instructions. 

2. Immature DCs and /tzDCs are irradiated (3000 rad, 13 ^Cs source). Decreasing 
numbers of DCs are added to 1 x 10 5 T-cells to make 1:10, 1 : 100, and 1 : 1000 
ratios. Cultures are set in triplicate wells of a 96- well cell culture plate in a volume 
of 200 nL CM and are incubated at 37 °C, in 5% C0 2 humified atmosphere. 
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«j.o.^. ncsm il&llOI i ui \DUiuuiG m iLiytti iz> uy /l/lxS cti iu ///l/l^o 

1. CD4+ T cells are isolated from nonadherent cells (see Subheading 3.1.) by 
positive selection with magnetically labeled CD4 microbeads. 

2. CD4+ lymphocytes are cultured in CM at 1.5 x 10 6 /mL in the presence of 
10.2 [Ag/mLTT. 

3. After 2 d, cultures are supplemented with IL-2 (20 UI/mL). 

<4. /vlici ^ u, ^cus cue wasucu anu icsuspcnucu 111 a iicmi ^iv± v^uiiiaiiiiiig, 

5.1 fxg/mLTT. 

5. After 2 d, cultures are supplemented with IL-2 (20 UI/mL). 

6. After 5 d, autologous /DCs and mDCs are thawed and incubated in CM containing 
20 [ig/mL TT. 

7. After 16 h at 37°C, DCs are washed, irradiated, and mixed with CD4+ cells, 
as in Subheading 3.5.1. 

O C O D ivi / i f& fa 1 1 r\in A 0001/ 
»^.^.^. / IL/H/C7/ a li vi 1 r-Kooay 

1. After 4 d (alloantigen) or 6 d (TT), cultures are admixed with 2 [iCi/mL of 
3 H-TdR and incubated for 16 h before harvesting onto glass fiber filters. 

2. 3 H-TdR uptake is evaluated by p- scintillation counting and expressed as counts 
per minute (cpm)/10 6 ceils. 

3. The net cpm is calculated as the cpm of cultures with factors /cpm of cultures 

VVIUIVJIAI J_Cl\xlW±0 ^OCf HUM/ A\/y. 

3.5.4. IFN-y Release Assay 

1111/11VUIV VU11U1VO UXV L/lVL/tU\ytl ttij WWtUlAVW 111 LTUUllVUUlllii »^.»^..E.., ClllV-1 UIIV1 

48 h, the supernatant is collected and IFN-y release is assessed by ELISA assay. 

4. Notes 

1 A/TaHici ThVyt q r>1inir>a1 r\nmr»CA ctiAPiol tyiaHiq at-A en rrrrActArl A TTfiAHiiim ctiirliArl -Fr*r 

X. ITlVUlUi A W-L U. V11111VU1 L/lill/VOV UIJVV-LW-A 111VU1U WA V JUggVJlVUi -£ A 111VU1U11I JIUVllVVl J- V^A 

DC separation is CellGro DC Medium (Cell Genix. Freiburg, Germany). 

2. The low sneed favors deoletion of contaminant platelets, which produce TGF-6 1 . 
In the mouse, TGF-Pi has been shown to block DC maturation in vitro (29). 

3. Although plastic adherence of PBMC is presently the more diffused method to 
get high numbers of monocytes from blood, other methods have been suggested, 
namely adherence followed by metrizamide gradient centrifugation (30), T-cell- 
negative selection by E-rosetting (20) or T+B+NK depletion by immunomagnetic 
beads of PBMCs (21), and positive selection of CD 14+ cells. The latter can 
easily be done by magnetic cell sorting (MACS) (31). We routinely use a kit 

civciiiciuie nuin ivimcnyi oiuicu vjinurr (Deigisuii vjiciuuciuii, vjcuiiciiiy ), luiiuwing 
the manufacturer's protocol. In our experience, recovery of CD 14+ cells is 10% 

nf InaHpH PRIVTPq nnH thp niiritv iq hiahpr tiinn RS^ 

■V J- AV/ W^'^'V^^-K J- -M-*T A f A -V_^ kj U11VI H-»V |^ V*-«- A ^.^ A U 111C.11V1 %-AA till \/ ^^ / *S • 

4. Because the recovery is 12-19% of the plated cells, this will make a cell 
density of (2-4) x 10 5 /mL. (Cell density in this priming phase should range from 
3 x id 5 to 5 x 10 5 /mL.) 
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5. We nave aiso starteu cultures in serum-iree medium (with uovine insunn [souium, 
Zn-free, 5 jxg/mL], human [holo] transferrin [5 jxg/mL], and sodium selenite 

T^ no/mT 1 rRedu-Ser™ TTRT T fiVp PlnHH NV1 nHHpH^ tn tPct thP Pffprt nfnmkp. 

tin (PRL) alone or in conjunction with either GM-CSF or TL-4. The study 
was limited to generation of /DCs. Increased expression of MHC class II, 
CD80 and CD86 as well stimulatory activity on allogeneic T-lymphocytes at 
a DC:T ratio of 1 : 10 were observed with the combination of GM-CSF and 
near-physiological (12-25 ng/mL) concentrations of human recombinant 
(Genzyme) PRL (32). In these serum-free conditions, the response induced 
by GM-CSF + PRL was of the same magnitute of that induced by GM-CSF 
(200 U/mL) + IL-4 (200 U/mL). 



o. iviosi iu^s are sun preseni as aanereni cens. 

/. iviunuwj'L^-^uinaiLiuiitu iii^uiuni k^an u^ itpiav/tu uy a n>ii-*Jt -r xj^-i -r xj^-u -r 

PGE 2 cocktail (33,34). 

8. Mature DCs are characterized bv the complete loss of adherence. 

9. CD14 decreases from /DC to mDC (12% to 4%), whereas CD80 and CD86 
almost double their expression on mDC (40-50% to 95% for both populations). 
CD83 is virtually absent on /DC and increases to 85% on mDC. Another striking 
upmodulation is observed with the CD25 marker (1.6% vs 92%). 

10. Stimulation indexes of mDCs in allogeneic MLR should be higher than 20 at a 
DC : T cell ratio of 1 : 1000, compared to 10:1 of /DCs. 
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Generation of Human Type 1- and Type 2-Polarized 
Dendritic Cells from Peripheral Blood 

Pawel Kalinski, Pedro Vieira, Joost H. N. Schuitemaker, 
Quan Cai, and Martien Kapsenberg 

1. Introduction 

Dendritic cells (DCs) are the most potent inducers of immune responses 
and potent regulators of immunity. They act as sentinel cells in the peripheral 
tissues, playing a key role in the development of effective immune responses 
to different types of pathogens (1), At the same time, DC dysfunction may play 
a pathogenic role in different diseases, ranging from autoimmunity to chronic 
infections and cancer, and multiple pathogens developed ways to interfere with 
DC functions as a mean to avoid eradication by the immune system and to 
enhance their own survival within infected hosts (2). 

Both the efficiency of DC as an effective element of immune system and 
their susceptibility to pathogen-induced dysfunction result from an enormous 
plasticity of the DC system. Distinct DC subpopulations, such as mouse 
CD80T/CD1 lb + vs CD8a + /CDl lb" DCs, human plasmacytoid vs myeloid DCs, 
DCs isolated from different tissues, or DCs generated under different conditions, 
all show striking functional differences. One aspect of DC function that is 
subject to strict regulation is the ability of DCs to produce interleukin (IL)-12 
and to induce Thl -polarized or Th2-polarized effector CD4 + Th-cells (3-6). 

The ability of DCs to act both as the inducers of immune responses and as 
immunoregulatory cells led to the interest in their immuno therapeutic use in 
different disease types, ranging from cancer to autoimmunity, and as a tool to 
prevent the rejection of transplanted tissues and organs. Taking into account 
the plasticity of DCs and their ability to adopt different functions, it may 
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be important to match the desired type of DC to the type of its clinical or 
laboratory application. 

T^ 1 1 * 1 1 * "II 11 f* * 1 * 1 * 

Recently, several groups, including ours, nave demonstrated tne leasiointy 
of obtaining monocyte-derived DCs with different functions, by modulating 

i i * * /** i * 11 i s pw\ i i * * /** i * * 

tne conuitions oi tneir eany ueveiopment [ /y, tne conuitions oi tneir maturation 
(8-15), or the length of the maturation period of DCs (16,17). This chapter 



*-^-*^ j^»T 1 



the protocols used to test the cytokine-producing capacity of these cells, and 

Lii^n aumiy iv inuuvc; xin-L^pc; ic;apunac;a 111 naive; \sU^ 111-^^iia \^cc rig. j.^. 

2. Materials 

2, t. Isolation of Peripheral Blood Monocytes 
and CD4+CD45RA+ Naive Th-Cells 

1. Vacutainer blood collection tubes (sodium hepanne; Becton-Dickinson, Franklin 
Lakes, NJ). 

9 ^O-tnT PnUmrnnulpnp tnKpc 

3. 10-mL Polypropylene tubes. 

4. Lymphoprep (Nycomed, Torshov, Norway) (density (d) = 1.077). 

5. Percoll (Pharmacia, Uppsala, Sweden) is aliquoted (30 mL) and stored at 4°C. 

6. 10X Concentrated "acidic" (pH 4.6; 1.051 g/mL) phosphate-buffered saline 
(PBS), prepared from Sigma reagents: 

NaCl (13.5 g); 

Na 2 HP0 4 (0.1 g [corresponding to 0.125 g of Na 2 HP0 4 • 2H 2 0]); 

KH 2 P0 4 (2.1g); 

Distilled water: 200 mL. 

111c ruo suiuuun is SIC1111Z.CU uy u.z,z,-jAin iiiuainjn anu siuicu ai t v^ 111 ^t-ini^ 

aliquots. 

7. Medium for Percoll separation: Iscove's modified Dulbecco's medium (IMDM^ 
(Biowhittaker, Walkersville, MD) with 10% fetal calf serum (FCS) (Hyclone, 
Logan, UT). 

8. Medium for washing the cells: Hank's balanced salt solution (HBSS) (Gibco 
Life Technologies, Rockville, MD) with 2% FCS (Hyclone). 

9. Isolation columns for human CD4 + CD45RA + naive Th-cells. We have been 
successfully using (1) a CD4 + CD45R0~ negative isolation columns from R&D 
and (2) a customized StemSep system for the negative isolation of CD4 + CD45R0~ 
cells (Stem Cell Technologies). 



2.2. Generation of Immature DCs and DC Maturation in DC1- 
and DC2-Polarizing Conditions 

1. Medium for DC culture: IMDM (Biowhittaker) with 10% FCS (Hyclone). 

2. Medium for washing the cells: 2% FCS/HBSS. 

3. rhuGM-CSF (a gift from Schering-Plough [currently Novartisl, Uden, The 
Netherlands). 
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Day 0: Isolation of monocytes and naive Th cells 

1. Blood collection on heparine (100 ml) 

2. Lymphoprep isolation of PBMC (100 -150 x 10 6 cells) 

3. Percoll separation of monocytes and lymphocytes 



monocytes ( 1 - 1 5 x 1 6 cells) lymphocytes (70 - 1 00 x 1 6 cells) 

4. 45 mins adherence, 5. magnetic isolation of naive Th cells (3 - 8 x 10 6 cells) 



followed b v removal of nonadherent cells 



I 1 



Davs 0-dav 6- DC culture in CJM-CSF and 11,-4 

(DC yield: 30 - 60% of initial monocyte numbers) 

i i 

Days 6- 8* : maturation in DC1 or DC2-polarizing conditions 



Day 8*: Priming of naive Th cells by polarized subsets of effector DC 



i 



1 1* 



ay u . .^viiuiinjii ui *«j- 



i 



Days 13* till 18-20*: Expansion of Th cells (up to 100 - 300 fold increase in Th cell numbers) 



I 



Day 18 - 20* : Induction of Thl and Th2-type cytokines in differentially primed Th cells 

Fig. 1. The sequence of events during a typical experiment addressing the induction 
of Thl and Th2 cells by polarized subsets of DCs. The numbers in brackets represent 
typical yields of the ceils at different stages of an experiment utilizing 100 mL of fresh 

t~i i *tv™»:~„ii,. ,„~ — *~, — +~ • — T ~u,~ ao u ~, „+,,«„ +: ~-cr>r^ t~,,+ +u~ a — „+: ~.c 

U1UUU. lypi^aiiy, UUl CAJJClllllClllS invuivc ^to-ii lllcUUlcUlUll ui i^v^s, UUL 111C UUlcUlUll ui 

this period may be modified, depending on the application. 



4. Recombinant human interleukin-4 (rhuIL-4) (Strathmann Biotech Gmbh, Han- 
nover, Germany). 

5. Recombinant human tumor necrosis factor-a (rhuTNF-a) (Strathmann). 

6. Recombinant human interleukin- 1 p (rhuIL- 1 P) (Strathmann). 

7. Lipopoly saccharide (LPS) (from Escherichia coli 011 :B4; Sigma, St. Louis, MO). 

8. rhuIFN-Y (Strathmann). 

9. Prostaglandin E 2 (PGE 2 ) (Sigma, St. Louis, MO). 

2.3. Analvsis of Cvtokine Production bv Differentials 
Polarized DCs 

1 rr»/iAi __._, — -c~~+~a tcco -_-.il,, ___ _, ^^•.^A ~:-c± -c .- r__. r_-.+ — t ., — /_.„•,. •+,. 

i. v^j-^^tui^-iiciiisicuicu jjjo uciis wcic ci j__iiiu gin iiuin DY. jtcici i^ctiic v^iwvcisuy 

of Birmingham, Birmingham, UK). They express high levels of mouse CD40L 

flint hinrk hnth rnrviicp nnH hinnnn PFlZLO 



L WV VJ.I.AVHJ **S V^ %•*--»■ _■__■_ JL-VV V^k_f '%^ W-M-i^* i-M- V*-»-«-_-_W-» 



2. sCD40LT (a gift of Immunex, Seattle, WA). 

3. Human CD4 + Th-cells (bulk population) are isolated by one of the two methods: 
(1) negative magnetic isolation StemSep columns (Stem Cell Technologies, 
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vtuiuuuvci, v^ciiiciuci), \<l) ^i^H-sjjcuiiiu j^yimueaus/j-^euiuii-tt-oeciu sysicm (i^yntii 
AS, Oslo, Norway). 

4 SF/R rSlPTTIfl^ is hcpH ac an A a currnantp 

2.4. //? Wfro Priming of CD4+CD45RA+ Naive Th-Cells 
with Polarized DC Subsets 

1. Staphylococcal enterotoxin B (SEB) ( Sigma). 

2. rhuIL-2 (10 U/mL; a gift of Cetus Corp., Emeryville, CA). 

3. CD3 MAb (CLB-T3/3; CLB, Amsterdam, The Netherlands) plus CD28 MAb 
(CLB-CD28/1 ; CLB), was used to induce the cytokine production in differentially 
primed populations of Th-cells. 

o. iviet no as 

3. 7. Isolation of Peripheral Blood Monocytes 
and CD4 + CD45RA + Naive Th-Cells 

3. 1. 1. Collection of Peripheral Blood 

Collect blood into heparinized tubes and dilute 1 : 1 with HBSS. 

3. 1.2. Isolation of Peripheral Blood Monocyte Cells (PBMCs) 
on Lymphoprep 

1. Overlay 30 mL of diluted blood over 15 mL of Lymphoprep in each 50-mL 
tube. 

2. Centrifugate at lOOOg for 30 min, at room temperature (RT; 21°C). Acceleration 
\g to lOOOg should take 60 s. Deceleration: 5 min. 

3. Wash the cells twice at RT. 

3. 1.3. Isolation of the Light Fraction of PBMCs on Percoll Gradient 

1. Prepare standard isotonic Percoll solution (SIP) by mixing nine parts of Percoll 
with one part of 10X concentrated "acidic" PBS. 

2. Prepare three dilutions of SIP (v/v) in 10% FCS/IMDM (see Notes i-4): 
a. 60% SIP (9 mL) + 40% FCS/IMDM (6 mL) 

D. ^vo/v our \y.yj 1111^ + jZ/c jtv^o/iivii^ivi ^lu.^t 1111^ 

c. 34% SIP (3.4 mL) + 66% FCS/IMDM (6.6 mL). 

3. Suspend PBMCs (maximum 3 x 10 7 cells/mL) in 60% SIP. Layer 2-2.5 mL of 
cell susnension at the bottom of each 10-mL tube (max. 7.5 x 10 7 cells/tube") and 
overlay with 48% SIP (5 mL) and then with 34% SIP (2 mL). 

4. Centrifugation: 2400g, 45 min at RT (21°C). Acceleration: 60 s; deceleration: 
5 min. 

5. Harvest monocytes from the upper interphase (the interphase corresponding to 
48% [or 45%] SIP and 34% SIP) and lymphocytes from the lower interphase 
(60% SIP and to 48% [or 45%] SIP. 

6. Wash the monocyte fraction three times and count the ceils (see Note 5). 
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O. I .H. nUIIGICI ICG 31 IU L/GjJIGLIUI I Ul IVUI ICtUI IGI GUI Lxt?//C? 

1 . Seed the cells at 0.5 x 10 6 /mL/well in a 24-well plate (or 2 x 10 6 in 4 mL in 6- well 
plate) and let them adhere for 45 min, 37°C, 5% C0 2 (see Note 6). 

2. Remove nonadherent cells by washing the wells two to three times with a gentle 
stream of medium. This step requires eye control of the washing to assure high 
purity of monocytes and to prevent an excessive loss of the attached cells. Use 



wa&iiing iiicuiuni <u iuuiii iciupciaiuic. 



3. 1.5. Isolation of CD4+CD45RA+ Naive Th-Cells from Peripheral Blood 

1. Harvest the lymphocytes from the heavy fraction of PBMCs (see Subheading 

•^•x»^»y cum wa^ii lw^ tiiiiv^D, 

systems (see Subheading 2.1.), according to the manufacturers' instructions. 
3. Freeze the isolated naive Th-cells until use. 

3.2. DC Culture and Maturation 

1. After the last wash of adherent cells, add fresh IMDM with 10% FCS, containing 
500 U/mL GM-CSF and 250 U/mL IL-4 (1 mL ner well). 

2. On d 3 of the culture, replace one-half of medium and add the same amount of 
fresh medium with the double-concentrated growth factors. At this time-point, 
a portion of the cells are already nonadherent, so it is necessary to let them 
sediment for 10 min, resting the plate at a certain angle, supported at one side. 
Gently, to avoid taking up the cells, take up 0.5 mL of medium with a 1-mL pipet 
from the lower side of each well. Add the new medium with double-concentrated 
GM-CSF and IL-4 (prewarmed) at the same spot, releasing the volume gently 
to reuuce stirring up tiie cultures. 

3. At d 6 (see Note 7), take out one -half of the spent medium and add new medium 
containing GM-CSF a double-concentrated maturation-inducin^ factor without 
or with a polarizing factor. The standard maturation-inducing stimuli used in 
our studies are TNF-a (final cone. 50 ng/mL) in combination with with IL-1B 
(final cone. 25 ng/mL), or LPS (final cone. 250 ng/mL; see Note 8). As a type- 
1 -polarizing factor, we use IFN-y (final cone. 1000 U/mL, although even the 
concentrations of 1-10 U/mL have a distinct effect). PGE 2 (10 _9 -10 -6 M) shows 
a dose-dependent type-2 DC polarizing effect (10,14). Within 2 d, the expression 
of CD80 and CD86 will increase, and the cells will lose the ability to readhere, 
after moving to another well (see Note 9). At the very early stage of maturation 
(6-12 h), the cells become CD83 + and lose the expression of CD115. 

3.3. Analysis of Cytokine Production by Differentially 

1. Harvest DCs to polypropylene tubes and wash thoroughly to remove all of the 
cytokines. 
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Z. riaie uic ucns ai Z x iu ucns/wcn in iicii- uu uuincu ^u-vvcn uimes. 

3. Add the IL-12-inducing stimulus. We normally use three types of CD40L-based 

ctimnlnc- T^^8_mZinT (^ v 10 4 rpllc/wpin cnlnhlp rmzLOTT M o/tnl) in 

combination with rhuTFN (1000 U/mL), or CD4 + T-cells (1 x 10 5 cells/well) in 
the presence of superantigen (SEB; 1 ng/mL). The stimulation is performed in a 
final volume of 200 [iL/well (see Note 10). 

4. Following either of the first two modes of stimulation, we harvest 24 h superna- 
tants, whereas the T-cell-dependent IL-12p70 induction requires a longer 48-h 
stimulation. 

3 A. In Vitro Priming of CD4 + CD45RA Naive Th-Cells 
with Polarized DC Subsets 

1. Harvest DCs to polypropylene tubes and wash thoroughly to remove all of the 
cytokines. 

2. Plate the cells at 2 x 10 4 cells/well in flat-bottomed 96-well plates. Add SEB 
(1 ng/mL) and naive Th-cells (2 x 10 4 /well; see Subheading 3.1. for the isolation 
procedure). 

3. At d 5, add rhuIL-2 (final cone. 10 U/mL). 

4. Starting from this point on the cells, proliferate rapidly over the period of next 
4-6 d. The next day after the IL-2 addition, the cells usually need to be transferred 

IU -L 111U VY Vll J . WJ L*LyiJV>VJ L*\^l-± UL V , V^ V \>-L V X _/ \_», VUV11 VVV11 ±±V^V^\_»lJ iw kj\s Ul » 1UVU i±±tV 

two to three wells. At this point, the optimal culture density for the expansion of 
Th-cells is (1.5-3 x 10 6 cells/well (1 mL). The cultures reach quiescence about 
d 9-12 and need to be restimulated (see Note 11). 

5. At 10-14 d after priming, induce the cytokine production in Th-cells by their 
restimulation for 24 h with CD3 MAb (1 jxg/mL; Central Laboratory of the 
Netherlands' Blood Transfusion Service (CLB)-T3/3; CLB) plus CD28 MAb 
(1 fxg/mL; CLB-CD28/1; CLB), as described (7). The levels of IFN-y, IL-4, 
and IL-5 in 24-h supernatants can be then analyzed by specific enzyme-linked 
immunosorbent assays (ELISAs). Alternatively, the differentially primed Th-cells 

uciii ue suinuiaicu iui u 11 wiui lunuiiiyuiiic aiiu pnuiuui inyiisicue aucicue (nvi/\; 
in the presence of Brefeldin A, followed by their fixation, permeabilization, and 

ctninina f. 

U tUllllllU J-' 

level (18). 



ctninina -fr\r thp nrnrhir-tinn nf Th 1 - c\rtr\ r TTi9-t\mP' rvfnVinpc nt thp cinalp-rpll 

U tUllllllU J-VJ- uiv k/iv/uwvuvii ■vyj- A ±± J. UllVf X J.J.^ t> l-'w x ^_7 1-VlU.llVU M.t tJ.J.^' UllltlV >^V^J--L 



4. Notes 

Our protocol of DC generation is based on the methods of Peters et al. (19) 
and Saiiusto et al. (20). Our major modifications are the use of the double-step 
density-gradient isolation of monocytes, followed by a short-term adherence, 
the use or nviuivi supplemented witn ru7c ^5t, ana tne replacement or a nair 
of the culture medium at d 3 and d 6 of DC culture. The described procedure of 
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monocyte isolation allows a substantially higher yield and purity of the cells, 
compared to the isolation of monocytes by adherence alone. The rationale 

i_„i_i i j-i_„ „^ ti\ *r\i\ * i„ j-i_ „ i £• „^j-i_i„ i: ^„ t „„ii 

uciiinu uic use oi iivil>»ivi lis uic superior pcrioniiaiicc Ol 1111S 111CU1U111 111 i-ccii 

culture. We chose to use FCS- supplemented medium, rather than human serum, 
oecause, in our nanus, DCs ootameu in tiie presence oi human serum uo not 
express CD la and they show a relative resistance to maturation. FCS/IMDM- 

enciaL^u i-/v^& cue aisu aupcuui tu uic ecus uuuuncu in Several i^pca ui Serum- 

free medium, including AIM-V, which all result in a substantially lower yield 

ui iy\^a, anu anuw uin^ iiiaigiiiai prOQUCUOn ui AJ^-iz^p/u. ±11 auuiuun, /\11V1- v 

medium is nonpermissive for the IFN-y-induced type-1 DC polarization (Cai 

anu. XVallllSlvl, inaiiua^iipL 111 piupaiaLUJii^ anu. v^ani^a tnu iu\»[uin^iiiuiit hj± ouui 
xci^t^i^ as ±j_/-\j anu. ± vjj^2 tv ^ dCIllCVC a ^^uipiv^uv^ ij.iaLU-iau.vjii vji j-^v^a V/^^ 1 y ^ ai 

and Kalinski, unpublished). 

111W \Jl-j±J-lJtlO\^\JL LLLKJ\A\^± KJL 11CIJ. V V^ All ^^11 JJ1 lllllllg, VV CIO lllOl U^O^llU^U^ 111 AVI.* / . 

It is based on the ability of SEB to activate a substantial proportion of naive 

T 1 r»<=kllc l//\ True oll/~rti[7c r\n<=k fr\ nc<=k it oc o en nctitntA r\T trip T r»(=il1 -r<=»r»<=»t-\t/~\r , 

i W11J y*1J*J, 1111J U11V VV J V/11V/ \,KJ \XJ\S H. HkJ ci juurjumi^ v/i »_±AV^ A ^Vll 1VWVWIU1 

(TCR)-transgenic models that are not available in the human system. In 

r»r\r»tract t\\e* trarlitir\-na1 o11r\rr<^r»(^ir» tnivprl l^n Vn^\;tA rpQ^tinn ^A/TT T?^ mrvrlpl 

V/VllUUJlj 1-AJ.V^ UUU1UU11U1 UllVtVllVIV 1111/VVU 1VU1WV V IV 1VUVUV11 I1T1U1\I 111UUV1 

does not allow us to induce any detectable amounts of IL-12 within the first 

»^ VJ- V^-L J-^ V^- A 11 VV11 A-LXW-L HV/ t-AV^AA, lllVOt lllVVlj 1^/ V^ V *-t H- U V^ V^A -L \_J \J A \_f A V* VV 1UUU1V1U 

lower frequency of responsive T cells. The possible applications and the 

tviiirnl rfciiltc nhtrnriFrl \x/ith iiqp nf thp HpQrrihprl nrotorTilc ran hp fniinH in nur 
nrevious iiiihlir'ntionc ^7 lfi—1'7 Id 1R '7/1—'?^) 

Based on past experience with introducing the described protocol in several 

nthpr Iflhs \a/p w/niilH likp tn Hrnw thp attpntinn nf thp reader to the following 

issues critical for its outcome. 

1. Monocytes isolated from fresh blood give better results than monocytes isolated 
from buffy coats that often yield a lower percentage of CDla + cells. In addition, 
DCs generated from buffy-coat-isoiated monocytes frequently show signs of partial 
maturation (loss of CD1 15) and tend to produce lower amounts of IL-12p70. They 

ot-£3 oIca ltaoci onor<anfima f/"\ r\r\lon'7otiAn Tria rancAnlp i tV\i- -J-Viaca /iirrarannac i o rii^ti- 
UAV^ tiAOW 1WJ OUOV^pUL/lV/ l-U pUltUl/jaUUll. 111V A^tlOVj'AA^kjy 1U1 UIVJV U111V1V11VVO lO AAVj'I. 

completely clear to us, but the quality of DCs appears to inversely correlate with 
the level of nlatelet contamination that is substantially higher in the case of the 
monocytes isolated from the buffy coat, compared to fresh blood. 

2. Isolation of monocytes should be performed at room temperature. Rapid changes 
of temperature increase the risk of monocyte activation and clumping. We advise 
the use of polypropylene to reduce cell attachment. 

3. We also recommend the use of heparine as anticoagulant to avoid activation 
of monocytes in the course of decalcification/recalcification. Use Ca 2+ /Mg 2+ - 
containing media at all stages of the monocyte isolation. 
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4. A h-ovc iciyci ui oir is ucsigncu iui ncsiny uiawn uiuuu. /\ luwci-ucnsny iciyci ui 
SIP (45%) should be used for the isolation of monocytes from buffy coats. 

5 At thic ctnap thp mnnnpvtps chrvnIH hp 80— Q0%> rviirp finHopH Vw f^T^I ZL pvnrpc- 

sion). Higher contamination with CD14 - cells indicates the need to reduce the 
concentration of SIP in the middle layer. 

6. Do not exceed the starting cell density of 0.5 x 10 6 cells/1 mL of culture medium. 
Consider reducing it to 0.4 x 10 6 if the CD la expression is poor. Generally, the 
lower the starting density of the monocytes, the higher the purity of resulting 
CDla + DCs, although very low-density cultures result in a poor recovery of DCs 
(as a percentage of the plated monocytes). 

7. At d 6, the cultures contain up to 90% CDla + CD115 + immature DCs. They 



c rtrvnA i /T~\0/T - -i 1 „ „1 , nr\01 



are expressing low 10 lniermecnaie leveis oi luqu ana luoo ana iacK luoj 

^Apitaaiun. rum v^L/ia tAjji^aaiun may iinaiuai^ ^V luu nign iiiiuai u^naiij' ui 

monocytes at the beginning, (2) poor batch of serum/medium (see Notes 12-14), 
and (3) ^oor MAb (in our hands, OKT6 proved superior to several other CD la 
MAbs). It may also suggest poor activity of the IL-4 used and the need to 
increase its concentration. 

8. Optimal type-1 polarization of DC requires full maturation of DC and is less 
pronounced in DC preparations that do not undergo full CD83 conversion. IFN-y 
and the maturation-inducing factor should be administered simultaneously. 
Pretreatment of DC with either of the factors alone reduces the ability of DC to 
produce IL-12p70 after subsequent stimulation. 

9. Although our standard protocol of generation of polarized effector DCs involves 
a 48-h maturation stage, the reader may consider reducing the maturation/ 

nAlnrnntiAii hma /lonati/iiiiri rvf +Vi£S Tll^ nnnlif>ntiAti 

pwicu.izjtn.iwii uinv^, v_n^pv^iiv_niig W± U1U L'V- tipjjiivtu.iwii. 

10. Bacterial products, such as LPS or Staphylococcus aureus Cowan (SAC) (alone 
or in combination with IFN-v), are effective inducers of IL-12p70 production 
in immature (CD83 - ) DCs, but not in mature DCs. CD40L stimulation remains 
effective in mature DCs, although mature DCs show impaired responsiveness to 
the IL-12p70-enhancing action of IFN-y (16). 

11. The proliferation of Th-cells is very susceptible to the temperature changes, 
especially within the first 5 d of culture. To optimize the yield of the differentially 
primed Th-cells, try to minimize the length of time when the cells are outside of 
the incubator and use prewarmed medium to dilute the cultures. 

12. A batch of FCS is important. We observed strong differences between several 

uiiicicin uaicuca ui i ^o 111 uicii auim^ iu suppun uic gciiciciuuii ui ^L*ia ljk_,&. 

the expression of CD la. 

14. We advocate using disposable elastic tubes, media flasks, and oioets to reduce 

t— ' JL J. ' ' J. J. 

the chance of endotoxin contamination at the onset of cultures. 

15. Although difficult to avoid for some applications, y-hradiation impairs the ability 
of DC to produce IL-12. Typically, the IL-12p70 production by 2500 R-irradiated 
DCs is only 15-25% compared to nonirradiated DCs. 
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Preparation of Human Dendritic Cells 
for Tumor Vaccination 

Michael R. Shurin 



1. Introduction 

Naive T-lymphocytes specific for a given primary antigen, including tumor 
antigen, occur in very low frequencies and require the relevant antigen to 
be presented by specialized antigen-presenting cells (APCs), Dendritic cells 
(DCs), along with B-lymphocytes and mononuclear phagocytes, are profes- 
sional APCs and are found in all tissues and organs of the body. These are cells 
with a highly efficient capability to present antigens in the context of major 
histocompatibility complex (MHC) class I and class II molecules. What makes 
DCs THE most potent APC, however, is their unique ability to present antigen 
to naive T-lymphocytes. This puts DCs in a key role in the initiation of specific 
immune responses and creates possibilities for their utilization in the develop- 
ment and improvement of immunotherapeutic approaches for the treatment of 
tumor and other diseases. Adoptive transfer of host defense cells, including 
DCs and T-cells, may be able to correct an otherwise defective generation 
of competent immune cells in patients with cancer. Most of the DC-based 
therapeutic strategies are designed to induce or burst weak T-cell responses to 
tumor-associated antigens (TAAs) in cancer patient, A number of in vitro and 
in vivo studies have demonstrated that DCs presenting TAA could efficiently 
stimulate cytotoxic T-lymphocytes (CTLs) and the development of TAA- 
specific protective and therapeutic immune responses. However, the initiation 
of human DC-based clinical trials in cancer patients was limited for many years 
by the absence of culture methods allowing one to obtain a sufficient number 
of DCs. Recent discoveries in this field markedly increase the yield of cultured 



From: Methods in Molecular Biology, vol. 215: 

Cytokines and Colony Stimulating Factors: Methods and Protocols 

Edited by: D. KOrholz and W. Kiess © Humana Press Inc., Totowa, NJ 

437 



438 Shurin 

or ex vivo-expanded DCs and accelerated evaluation of DC capacity to 
induce antitumor immunity in clinical trials. In this chapter, we describe 
several methods of DC generation from CD34+ precursor cells and adherent 
macrophages. A variety of modifications of several basic procedures, used 

* 1**1 11**1 1 1 1* 1 T 1 1 * * 1 

in preclinical anu ciinicai research, are aiso uiscusseu. in auuition, we nave 
illustrated several common and novel strategies how to load DCs with TAAs. 



2 Materials 
■ iiiaici iuiw 

2. i. isolation ui Mononuclear uef#*> (mnuj 

1. LymphoPrep or NycoPrep (Nycomed, Oslo, Norway). 

2. Lymphocyte separation medium (Organon Teknika Co., Durham, NC). 

3. Ficoll-Paque (Pharmacia, Uppsala, Sweden). 

4. Histopaque-1077 (Sigma, St. Louis, MO). 

Any of these solutions could be used if the density is adjusted to 1.077 g/mL. 

2.2. Cytokines 

1. rhGM-CSF. 

2. rhIL-4. 

3. rhCSF (kit ligand, Steel Factor). 

4. rhFLT3 ligand (FLT3L). 

5. rhTNF-a. 

TVipcp arnwth ffmtnrc $\r\r\ rvtnVinpc rrin Vip nurr-h^cprl frnm npn7vmp 

J- J-A^ kj ^ W^. V T T VJ-J- -L fc* V W-' A kj Vt±J.Vt 'W T WV/lVlllV kJ 'W W*J-JL \^r ^ |_^ V^X ^ XXVtU 'W V,*- -L J- V-» J. J. J. "N_* ^ llZj T .L-L.L'W 

(Cambridge, MA), Endogen (Woburn, MA), R&D Systems (Minneapolis, 

A/TNh PpnrnTpnh flSJnrwnnH A/TA^ nr nthpr sources 

2.3. Med/a 

1. RPMI-1640 (Gibco-BRL, Gaithersburg, MD) supplemented with growth factors 
9RPMI 1640, 100 U/mL penicillin, 100 us/mL streptomycin, 2 mMr-glutamine, 
10 mM HEPES, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, 10% 
fetal calf serum [FCS]) and cytokines 91000 U/mL GM-CSF [1.3 x 10 7 U/mg; 
Schering Plough, Kenilworth, NJ], 1000 U/mL IL-4 [2.975 x 10 7 U/mL; Schering 
Plough], 2.5 ng/mL TNF-a [Knoll Pharmaceuticals, Whippany, NY]). 

2. Iscove's modified Dulbecco's medium (IMDM) supplemented with growth 
factors: IMDM with 100 U/mL penicillin, 100 ug/mL streptomycin (or 50 ug/mL 
gentamicin instead of penicillin + streptomycin), 10% heat-inactivated FCS, 

CA lAA^^/^T /^A/T /^Cr? „~J 1A~~/~,T TTVTT7 ~. 

ju-iuu ng/iiiL- vjivi-v^or, ctiiu iu iig/ini^ nxr-ut. 

3. AIM V (Gibco BRL). 

4. Complete medium: RPMI 1 640 with 10 mM HEPES, 2 mM L-glutamine, 50 ug/mL 
gentamicin, 0.1 mM nonessential amino acids, and 0.1 mM sodium pyruvate, 
with >200 U/mL GM-CSF and >500 U/mL IL-4. 

5. X-vivo 15 (BioWhitaker, Walkersville, MD). 
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u. rv^o (vjiuuu-oivi^) ucuicu wiui ucaucui-uucucu uiicuuucii. auu o /c ucAucui-uuaicu 
charcoal (DCC, Sigma) + 0.5% dextran in water to FCS at 1:5 (v/v) ratio, 

ctir nA/prni aht nt Zl^f" 1 cnin nt 10 C\C\0o fnr ^0 min rrJIprt anH ctprili^p thp 

J 111 v t ^■'-l 111C.11 %■ v* t ■ "*^- * u L/lll vn, x \/i\/\/\/ v J- ^v-L w* \_r mint w 11 v^>^ %■ CCllv^ u t^^i 111/jV Lllv 

supernatant. 
7. Human AB serum (Sigma). 

2.4. Antibodies for FACScan Analysis and Immunocytochemistry 

CDla, CD1 lc, CD83, CD80, CD86, CD14, HLA-DR, CD34. Antibodies can 
be purchased from PharMingen (San Diego, CA), Serotec (Oxford, England), 
and Immunotech (Marseille, France). 

2.5. Other Reagents 

1. LeukoStat staining kit (Fisher Scientific, Pittsburgh, PA). 

2. Hanks' balanced salt solution (HBSS) (Gibco-BRL). 

3. Phosphate-buffered saline (PBS) (Gibco-BRL) with 1% bovine serum albumin 
(BSA) (Sigma). 

4. Cell-labeling buffer (PBS with 0.5% BSA and 2 mM EDTA, pH 7.2). 

5. Human serum albumin (HSA) (Sigma). 

6PAllnftannna J Virrrvin I 

7. DNase (Sigma). 

8. Hvalnronidase (Sigma). 

9. Lipopolysaccharide (LPS) (Sigma). 

10. sCD40L (Immunex, Seattle, WA). 

11. EDTA disodium salt (Sigma). 

12. Red blood cell sysing buffer (Sigma). 

3. Methods 

3. 7. Generation of DCs from the Precursor Cells 

The development of hematopoietic stem and progenitor cell isolation 
methods in combination with specific selection of growth factors and cvtokines 
facilitated the development of ex vivo expansion techniques. The use of lineage- 
specific cytokines such as GM-CSF significantly simplify the generation of 
a large number of myeloid postprogenitor cells (7). The generation of DCs 
(dendropoiesis) from CD34+ peripheral blood or cord blood progenitor cells 
is a good example of recent development of this field. 

1. Use human peripheral blood, umbilical cord blood, leukopack (cells collected 



• /~\ S^k -M ^ -*• n ./-*.-*• n 



2. Dilute each sample 1:3-1:4 (v/v) with HBSS or PBS. 

3. Isolate rnnnnrmrlear cells (MNCs) hv Fimll— Hvnamip, Hpnsitv aradipnt centrifu- 

gation using one of the 1.077-g/mL media listed in Subheading 2.3. and 
corresponding conditions of centrifugation (usually 400g for 20 min at room 
temperature). 
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4. vvtisii ucns iwiuc in iiicuiuin sujjpiciiieineu wiui luvc rv^-o. 

5. Incubate cells ([1-2] x 10 6 cells/mL) in a Petri dish to deplete adherent cells. 

Elimination of adherent cells is recommended if Dynobeads or cell sorting 
are used for the CD34+ cell separation and can be omitted with other CD34+ cell 
isolation procedures described in Subheadings 3.1.1.-3.1.5. It is important to 
remember that all cell isolation procedures might be divided into two groups: one 
group that utilizes positive selection (isolation of CD34+ target cells) protocols 
and the second group in which the concentration of CD34+ cells in suspension 
is significantly enriched by the depletion of nontarget cells (negative selection). 
The choice of a specific procedure depends on an individual application and both 
types of procedure are equally suitable for human DC cultures. 

3. 1. 1. Isolation of CD34+ Cells Using CellPro CEPRATE Columns 

The CEPRATE kit (CellPro, Bothell, WA) is a disposable cell-separation 
system that utilizes a proprietary avidin-biotin immunoaffinity process. 

1. Wash peripheral blood mononuclear cells (PBMC) twice with 1% bovine serum 
aioumin (r>d/\) in rr>d. 

2. Incubate for 25 min with biotin-labeled anti-CD34 antibody at room temperature, 



-fV-vl 1 r\\\ic±r\ V\\t on orlrliti r\r»o1 tt^cioI"* oto-r\ 

1V11U ¥V VU UJ CiU ClV-lV-m-AV/llCli VV CIO II OIA^IJ. 



3. Load cells onto an assembled continuous-flow column where labeled CD34+ 
cells are cantured on avidin-coated beads. 

4. Wash avidin column with PBS to remove unadsorbed (nontarget) cells. 

5. Release and collect bound CD34+ cells by gentle squeezing of avidin column 
5-10 times along its length. 

After a short practice, this method will give you more than 95% purity and 
more than ov no recovery. Viability ui ecus are usuaiiy >yo /c inulc that Lxllrro 
columns may no longer be available; however, the principle and procedures 
witu similar devices will ue identical. 

3. 1.2. isolation of CD34+ Cells Using Stem Cell Magnetic Beads 

Stem Cell Technologies (Vancouver, Canada) produces all necessary antibod- 
ies, beads, columns, equipment, and media for the successful isolation and 
culture of human CD34+ cells from different origins. CD34+-enriched cell 
suspension can be prepared by negative selection from bone marrow or 
peripheral blood using the StemSep progenitor enrichment cocktail. 

1. Mix cells with antibodv cocktail. 

2. Incubate for 15 min at room temperature or 30 min on ice. 

3. Add magnetic colloid, mix well, and incubate for the same time at the same 
conditions. 
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4. Load sample into the column in magnet. 

5. Add BSA solution. 

ft f^nllpr-t e>rtr\rhc*r\ C^T^^A-i- r*p11 cucnpncinn as fnllnw-thrmiah 

This simple and efficient method of negative selection of CD34+ progenitors 
always gave us high levels of purity and recovery similar to those described 
for CellPro columns (positive selection). 

3. 1.3. Isolation of CD34+ Cells Using MACS Cell Sorting 

Highly pure CD34+ cells can be relatively easily isolated using MACS 

\sUj)^ nugc;niLui v^^n Aduiauun JS.ll ^ivnii^iryi diulcc, u^igidcii uiauuaui, 
vj ti mail y ) , wni^ii ^uiitaina an nt^t^aaij anuuwui^a, aupdpaiaiiiagiit^in*/ ut^aua, 

and cell labeling buffer. 

1. Mix cells with blocking reagent (human IgG) to avoid nonspecific binding to 
Fc receptor. 

2. Add hapten-conjugated CD34 Ab. 

3. Incubate 15 min at 6-1 2°C and wash with included buffer. 

4. Incubate with MACS MicroBeads recognizing the CD34 antibody for 15 min 
at6-12°C. 

5. Wash cells and apply to prefilled column in MACS separator followed by an 
additional wash. 

\j • iwinv t v wiuiiiii iiviii ovpuiuivi C ■ ■ ■ ■ ■ " 

7 Reneat nrmanptir sp/naratinn stp/n 
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The viability and purity of harvested CD34+ cells are usually >95%. 
3. 1.4. Isolation of CD34+ Cells Using Dynobeads or BioMag Beads 



CD34-conjugated immunomagnetic beads (Dynobeads M-450 CD34) from 
of CD34+ precursors. 






1. Incubate MNCs with magnetic beads in medium containing 10% FCS at 4°C 
with gentle rotation for 60 min. 

2. Collect CD34+ cells with a magnet (MPC-1, Danal). 

3. Release (if necessary) CD34-conjugated immunomagnetic beads by incubation 
with a goat anti-mouse-Fab polyclonal antibody (DETACHaBEADS, Danal) at 
room temperature for 90 min with gentle rotation. 

4. Remove (if necessary) contaminated T- and B-cells by using CD2-conjugated and 

This method usually results in >95% purification of CD34+ cells, as assessed 
by flow cytometry. 
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A similar protocol of CD34+ cell isolation should be used with BioMag 
magnetic particles coated with anti-CD34 antibody (PerSeptive Diagnostics, 
^aiiiunugc, ivi/\ ur re Diusysicim, rubier ^ny, ^/\j. nowever, 101 uciaciiing 
magnetic particles from separated cells two protocols are recommended: 



1. Use a protease, such as chymopapain, to break the antigen-antibody bond and 
remove the particle with a magnet. 

2. Culture cells for 48 h, during which magnetic particles fall away from cells 
because of cell surface changeover and may be removed magnetically. 

Each of these procedures has limitations and requires special consideration 

3. 1.5. Isolation of CD34+ Cells Using Cell Sorter 

1 . Stain MNCs on ice for 20 min with fluorescein isothiocyanate (FITC)-conjugated 
anti-CD34 monoclonal antibody. 

jL. YYClOll ClllU IV^OUOU^llU \^\^HO ±11 A UvJ O LiLFLUV^lllV^lllV^VJ Willi 1 /U 11U111U11 OV1 14111 aiUUllllll. 

3. Separate by flow cytometry sorting immediately. 

The viability and purity of sorted viable cells usually exceed 96-98%. 

3. 1.6. Cultures of isolated CD34+ Ceiis 

There are several common culture conditions, which are used for the ex vivo 
generation of DCs from CD34+ progenitors. Depending on the application and 
availability of reagents, the investigator should choose the most appropriate 
conditions by paying attention to the (1) type of medium, (2) supplementation 
with serum, (3) combination of cytokines, and (4) duration of the culture. We 
provide several examples with short comments. 

3.1.6.1. Protocol A 

1. Resuspend CD34+ cells ([0.5-1] x 10 5 /mL) in IMDM supplemented with growth 
factors (see Subheading 3.2.). 

2. Maintain culture at 37°C in humidified atmosphere with 5% C0 2 for 16-18 d 
for a maximum yield. 



j. replace medium ^one-nan oi loiai voiume; every 4-j a ana spin me cuuure u 



■l-l^i^v nrtl In « j^\ s-n ,rx.-*--v-i j^\ ^\ .rx-*--* t-1 T T *'"*-#--\ + 

Lilt; V^lia U^V^Ulll^ ^UllllU^llL. 



The addition of 50 ng/mL stem cell factor (SCF) and 50 ng/mL FLT3 ligand 
(FLT3L) increases the yield of DCs up to five times (2). It is important to 
note that using human pooled AB serum instead of FCS or the combination of 
GM-CSF + IL-4 supports very poor DC growth in this medium (2). 
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O. I.D.zl. rHUIUUUL D 

1 . Resuspend CD34+ cells in serum-free AIM-V or X-vivo 1 5 medium, which could 
be additionally supplemented with 2-2.5% AB serum if required. 

2. Add 500-1000 U/mL of GM-CSF, 500-1000 U/mL IL-4, 10 ng/mL TNF-a, and 

iuu iig/iiii^ ri^iji^ tiiiu uuiluic iui 14 u 111 sia-wcii jjicucs {4 1111^/ wcn^. 

3. Exchange 1 mL of culture medium with fresh medium and cytokines every 
4 H anH «n1it cells if necessarv 

3.1.6.3. Protocol C 

The following basic protocol is usually used in our laboratory: 

1 r» j r .. 1 r\A -^11 „/ t nr\0/i . „_n„ i.. nmn 1 /: a r\ j* i j._j 

1. JVCSUSpCIlU J X 1U UCHS/IIIJ^ V^J-^JH-t- UC11S 111 JVTlVll 1UH-U I11CU1UI11 SUpplCIllCIlLCU 

Willi glWWUl laVLUlD. 

2. Add 20 ng/mL SCF (R&D) at d 1 and 3 only. 

3. Incubate 3 wk in 24- well plates (Costar) at 1 mL/well. 

4. Replace 0.4 mL of culture medium twice per week and split cultures when cells 
are confluent. 

5. To increase the yield of cultured DCs, add 50-100 ng/mL FLT3 ligand (Immunex 
or R&D) and treat FCS with dextran-coated charcoal. 

Similar yields of functionally active cultured DC can be obtained if RPMI 

ivj^i-u la ic;pia^^u wiui ^vaivi- v unguium anu J-1U/C i\,o, it ia i^^uiiiiii^nuc;u uiai 

cultures undergo half-refeeding two times per week with complete medium. 

3.1.6.4. Protocol D 

An interesting modification of CD34+ culture condition was recently 

rt±r\r\rt{±r\ d\ Tcolcit^H f^Y^liAj- r-f^llc \\7t±r(± r*ii1 tnr^H in q ti^m/ CTdC-r^rm^cihlf^ 

A W|^/\_/A V\^VA I +S W , AUV^A^H-V^VA V/iV -^J ■ I V VAAU T» »^A V^ VU1H11 V^VA AAA VA 11V TT bUU l^ V^A AAA V^»*U A V^ 

PL2417 culture containers in serum-free medium supplemented with GM-CSF 

c\rtr\ TNTF-r* f^iiltnrpH FlPc \i/prp nnt nvprsill HifiVrpnt from rrmtrnl FlPc (jf*ri(*r- 

billU X A 1 X X^ta • X_^ Ul V WA W V* X_^ -%^S kj T T WX W XX V^ V V^ T ^A W.AA U1XX ^./X WXXV X_A V^XXX W V^XX WA V^ X X— ^ ^_^ kj <™. ^/XXWX 

ated under the other conditions. 

3.2. Conversion of Adherent MNCs into DCs 

Similar to CD34-related nrotocols, there are several commonlv used modi- 
fications of DC propagation from adherent mononuclear cells (MNC). Below 
we present different protocols, including protocols used in our laboratorv. 
which are different mostlv in culture conditions. 



~C A J -> 



3.2.1. Protocol A 

1. Prepare PBMCs as described in Subheading 3.1. 

2. Resuspend cells in RPMI 1640 supplemented with 5% FCS at (4-6) x 10 6 
cells/mL. 
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j. iiiuuutue in siA-wcn picues ui ims^s iui uu-^u 111111 ai j i v_-. 



4. Remove the nonadherent cells by gentle washing with warm (!) PBS. 

^ f^nltiirp nHliprpnt r^T^IJ.4- rpllc in rnrrmlpfp mpHinm 

•^ * V_^ v*-L l-U-X. W vw*J--lw-l vn 1/ V^ J_^ J- i i vv J.J-LJ 111 win L/1V IV invvti vm.i * 

6. TNF-a can be also added (10 ng/mL) to support the dendropoiesis (4). 



We recommend using 500 U/mL of both GM-CSF and IL-4. As a source of 
serum, use 10% FCS, although human AB serum (up to 10%) or defibrinated 
plasma (up to 10%) can also be used. It has been recently shown that neither 
human serum nor autologous plasma inhibits DC generation from monocytes. 
Furthermore, autologous plasma is as efficient or even more efficient than 
homologous serum (5). However, be aware that autologous serum or plasma 
from cancer patients might contain factors which may inhibit dendropoiesis 
in vitro (6,7). 

3.2.2. Protocol B 

1. Prepare suspension of PBMCs in AIM-V medium. 

2. Transport cells into plastic flask and incubate at 37°C for 2-3 h. 

3. Collect nonadherent cells. 

A Danlo^a mo^iirvi with A TA/T \T minnlamantaH ttzUV. ^C\C\ IHOO TT/mT ClA/i PCC 

and 500-1000 U/mL IL-4. 
5. Tncubate for 7 d and harvest nonadherent and looselv adherent cells hv vigorous 
washing. 

Addition of heat-inactivated human AB serum or autologous serum up to 
2% usually increases the yield of collected DCs. 

3.2.3. Protocol C 

CD14+ monocytes can also be isolated from PBMCs using FACScan cell 
sorting or elutriation by counter!! ow centrifugation using a JE-6B rotor (Beck- 
man, Palo Alto, CA). For elutriation, use constant rotor frequency (lOOOg), 
pump speed from 18.5 to 50 mL/min, and collect cells in 100-mL fractions. 
Note that monocytes are elutriated at a pump speed of >32 mL/min. 

3.2.4. Preparation of Mature Cultured DCs 
3.2 A A . Cytokines and Cytokine Combinations 

To obtain mature (activated) cultured DCs, one of the following treatments 
is recommended: (1) stimulate the cells on d 7-9 with 2000 U/mL IL-lp and 
1000 U/mL TNF-a; (2) TNF-a can also be used alone (200 U/mL and up 
or 10-50 ng/mL); (3) cocktail of cytokines: 10 ng/mL TNF-a + 1000 U/mL 
IL-6 + 10 ng/mL IL-lp + 1 \ig/mL prostaglandin E 2 (PGE 2 ) (8)\ (4) LPS (up to 
100 ng/mL); (5) LPS (1 ng/mL) + interferon (IFN)-y (20 ng/mL); (6) CD40L 
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(CD 154) (see Subheading 3.2.4.2.); (7) macrophage- conditioned supernatant 
(see Subheading 3.2.4.3.). 

3.2.4.2. CD40/CD40L Interaction 

r^r\4r\ m 4-: rvn„ „+: i„j-~„ +u~:~ j:^c 4-i~4-i j ~~4-:„^*-„, /n\ rkr*„ 

V_xL/H-U llgilLlUll Ull U\^b JSLllllUlilLCt) L11C11 U111CI CllLlitUUll tlllU itUUVliy \? } '. 1^V_.S 

at different stages of maturation can be stimulated with CD40L (CD 154) using 

+i~~ -f~n : +~~i : 

liic luiiuwing Lc^iiinquc. 

1 . Load DC (approx 1 6 cells/mL) over adherent hCD40L-transf ected irradiated murine 
fibroblast. We recommend using 24-well or 6-well plates with CD40L-transfected 
fibroblast cultured for at least 16-18 h (start with [0.3-0.5] x 10 6 cells/mL) prior 
to the addition of DCs. 

2. Centrifuge plates briefly (lOOg, 3 min). 

3. Incubate mixed cell cultures for 24 h. 

4. Collect nonadherent DCs. 

5. Incubate DCs for an additional 6-16 h, depending on the design of the experiment. 

A second technique of CD40 ligation on DCs includes the addition of 
anti-CD40 or anti-CD40L antibodies directly to DC cultures (1-10 u.g/mL). 
The third technique includes DC stimulation with soluble CD40L (1 pig/mL) 
for 18-24 h. However, this method is thought to be less effective. 

3.2.4.3. Macrophage-Conditioned Supernatant 
To prepare macrophage-conditioned medium: 

1 . Coat tissue culture flasks with human Ig (human y-globulin, 10 mg/mL in AIM-V 
medium for 2 h at 37°C). 

2. Wash and add PBMCs ([10-20] x 10 6 cells/mL in AIM-V medium). 

3. Incubate 1-2 h at 37°C. 

4. Remove nonadherent cells and wash adherent monocytes with warm (!) 






5. Culture cells in AIM-V medium for 24 h. 

6 Collect mnHitinneH medium and store alinnnts at — SO ^. 



~i' 



To stimulate DC maturation, add macrophage-conditioned supernatant to 
5-d PBMC-derived DC cultures to a final concentration of 25% (v/v) for 48 h. 
Harvest and analyze DCs as described in Subheading 3.5. This procedure 
was modified from ref. 8. 

3.2.5. Generation of DCs in Teflon Bags 

A new modification of the monocyte-derived DC generation technique was 
recently published (10). The sizable number of monocytes were purified by 
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elutriation from blood leukocytes and cultured in Teflon bags. Developed DCs 
were defined by morphology and phenotype. Interestingly, the DCs generated 

1 11 4, -C 1'+' 1_^1_^~J1 1 1„ ~£ r^T"M „ 11 1. ^JTirvOI 

uiiucr auiicrciii-ircc uuiiuiuoiis caihuilcu iow icvcis oi v^uiii anu iacR oi ^uoj 
expression, although they expressed a high level of CD86 and were potent 

„4-' 1„4- -f T 1 „~11 1-^d-o<-ii 

^LllllUlilLUIS 1U1 1-UC11 piUlllClilLlUll. 

In summary, it still remains to be determined whether the use of CD 14+ 

iiiuiiuwjLQ-uciivcu ui v^i^/^^-r iiciiiaLupui^uw pic^uidui-uciivcu J-yv^s la inuic 

appropriate for human clinical protocols. The data regarding direct comparison 



*-fc-»-".*-\ /-% *-\ ■*-* 1 



ait; L/UiiLiuv^iaiai. ±11 iati, uui ^t ai. \i±} icpuncu uiat uuui ±^\^ pupuiatiuna 

prepared from one donor functioned equally well as superior T-cell stimula- 

tuia 111 ainjgv^in^iC/ jjiiinaij iiiiauu.-iuuivvjc/ y tv^ i^a^tiwn aitinjugn tnu )itiu ui 
mwiiw^j lv^-uva-a vv^u. is\^o vvcia oigiiiii^cuii.ij a^vvv^a ^wmpaiv^u. \.\j ^l/jt-uhivv/U l/\^ 

(11). Similar data were reported by Chen et al. (12). In contrast, Mortarini et 

ai tl<\ r\ckt-)nmr\ citrota/i <~riof~ Fil o rtanarntarl TT*i~vr-v-i I FlT/IX /^i2vllo iT7dT"i2i ciinanAr 1~/~v 
1. ^J^// UA^AllWllOLAClU^ia UACIC A_/V_^0 gV^llV^lCtl-V^^J- 11VJ111 V^A-Z^'-T-r WHO VV ^1^ OLAj-/^llWA \,KJ 

DCs from monocytes, as was assessed by the time required to obtain Melan- 

A _cnAr>ifir> f^TT c Ti7itn nrvtn ■"if" 1 nnmilohntic Tr» innihari (~^ Y^\^XA -r\^r~f\T^r\ T^\f^e tn 

contrast to CD14-derived DCs, are proliferating cell population, as determined 

V\\r -J|-f th\fmirh-ni=k nntoVA Qr»rl 1^1^\'7 ctQinmrr Q-nrl ttniic r»Q-n Kp» noi^rl -fnr crt^-n^ 

Ly\ xa Lll y inivuiiv LlL/LdXvt' uiivj x-vavj / o LCll 1 1 1 1 1 fc;, unu uiuj wun l/v^ i-uv^va ivi ^viiv 

transduction techniques, which require cell proliferation, like the retrovirus- 

KqcptI tf*r , Vminiif i Ofr-linirril imnnrtnnfp tViP 1 \n^1rl rvf T^ir^c r\f*r\\Tf±r\ from Qrlri^rp'nt 

UUUVU WV/AJ-A-U-U WV> V_^A ViAXA-lV/H-i A 111 !_/ V^ J_ LCi I X W^ , mv^ V 1V1U V^-L J-' >w^ O V*>^HTV^VJ- 11V111 UU11V1V11I. 

CD 14+ cells cannot be expanded beyond the number of starting monocytes, 

^ItVimiari tViF 1 rmmlifr nf Fif^c QFTipr^tFrl frnm C^T^^A-X- nrpnircnrQ mnv exceed 
tVip initial rfA\ niimlipr Tiv 100 anH mnrp timpc On nthpr cirlp trip crpnprntion nf 

VJ.1V 1111 VJ.MX VVll JLJL U111U ^/l *_^ T A V^ V^ 1 lillV 1 ' J.J.XVJ. V tllll V J I V_^ JLJL VH1V1 UJ-X^f- 1 ^^* vllV W VAXVA M.VA V/AA ^_/ _t 



DCs from adherent monocytes is significantly easier and less expensive than 

DP nrnHnrhnn frnm nrppnrsnr cells Thus thpsp anH nthpr thmiahts shnnlH hp 

carefully considered when choosing the method of DC generation ex vivo. 



3-3- Isolation of DCs from Different Tissues 

3.3.1. Isolation of DCs from Peripheral Blood 



I 1-%*-* n -i TT T 



1. o^paiai^ ivii">^a uuui uit iitpaiiniitu p^npn^iai uiuuu ui ituivupa^iv uy u^naii}' 

gradient centrifugation, as described in Subheading 3.1. 

2. Wash MNCs obtained from the interface and allow them to adhere into elastic 
culture plates or flasks at a concentration of (2-5) x 10 6 cells/mL in Dulbecco's 
modified Eagle's medium (DMEM) for 2 h (37°C, 5% C0 2 ). 

3. Remove nonadherent cells containing lymphocytes and gently wash flasks twice 
with warm PBS. 

4. Add fresh medium with 10% FCS or autologous serum and incubate cells 
overnight at 37°C. 

5. Collect nonadherent cells, which represent an enriched population of peripheral 
blood DCs. 
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£. t~! — iU^ -c — i-i ^. ^i 4, ^£ ~i^i i ui i r»n„ „, i 4-u~ :., ~i „■*-'.-.„ 

U. rui U1C 1UIU1C1 C11I1U11111C11L UI pCIljJUCltll U1UUU LJy^b, WC 1CUU111111C11U U1C ISUlClUUll 

of low-density cells by separation over a Nycodenz (NycoPrep, 1.068 g/mL) or 

1 ZL ^% mptri^nmiHp fSlianrm^ c\t f^SOo -far 1^ min fit rnnm tpmnpratnrp AHHitinrml 

J- ■ * *±s t \s nivn.iijwniiiv(^v \ vyiuinur vtis ■*_/ «_^ \s jw j.vj. j. ■^ 111111 dL- i win tvnik/ v^-l Cit- vn ^- * j. lUvUUvllUl 

purification procedure may involve the depletion of contaminating T-, B-, and 
natural killer (NK) cells by panning with anti-CD3, anti-CD21, and anti-CD56 
antibodies. Collect cells from the intermediate phase, wash twice, and resuspend 
in the medium of choice depending on further analysis. Note that the yield of 
isolated DCs is less than 1% of the starting number of PBMCs. 
7. In addition, peripheral blood DCs can be isolated using a magnetic cell sorting 
procedure with specific antibodies. For instance, Stem Cell Technologies 
(Vancouver, Canada) offers the StemSep DC enrichment cocktail, which allows, 
based on the negative selection, the collection of mature human DCs (HLA- 

r\D i r*r\A 1 1;^ //^taq rm n pm a r*r\C£ \ „MtU on +~ ac\ £^a ^*^^u^^«+ 
L/rv-r^L/ t + - riiii— \\^lj^>— , \^lj Ly— , \^L/it- k.,ljj\j— ) wiui z.\j- iu tu-iuiu ^iiii^iiiii^ni. 

Miltenyi Biotec (Bergisch Gladbach, Germany) has the Blood DC Isolation Kit. 
In the first MACS separation, T cells, monocytes, and NK cells are ma^neticallv 
labeled and efficiently depleted by retention on a depletion column. From the 
nonmagnetic fraction, CD4+ blood DCs are then positively harvested with CD4 
MicroBeads. 

3.3.2. isolation of DCs from Soiid Tissues 
3.3.2.1. Skin 

Dendritic cells can be isolated from human skin samples. To prepare a 

o 11 o»-\£n--» ni /-^« r^\T ann^narl a*Ai rl atmi o l 111 o /I o -n rravr\ <rn o /^»^allo I I o I 

oudpi^iiaiwn ui v^nii^n^u. v^piu-v^iinai is\^o y.-i-'aiigi'iiicuiis ^^110, -L/^ay. 

1. Cut skin samples into pieces of about (3-4) x (10-20) mm. 

2. Incubate pieces of skin with 0.5% trypsin or 50 U/mL dispase in PBS for 
100-120 min at 37°C. 

3. Remove epidermal sheets with a pair of fine forceps and stir them for 30 min in 
RPMI 1640 medium supplemented with 10% FCS, 2 mM L-glutamine, antibiotics 
(Subheading 2.3.), and 0.01% DNase. 

4. Collect single-cell suspension by filtration through sterile nylon mesh (75-u.m 
pore size). 

S T OZ\c\ fvntn 1 OTTl cy/mT l\JT7r^r»Pr£»T"\ cmH r^ntrifiicy^ (AC\T\(j 0C\ min nt rrwvm t^mrvratiTtY^ 

•^ . M — /WU\J VlllV 1 m\J / / £1/ 111J — 4 J- T J VVTX 1 V yj U11V1 VV/11U11-ULV \ I \J\Jfo , ±^\J 111111 \A,\. IWVyilA IVlllL/VlUtUl V ft 

6. Harvest interface cell layer, wash cells twice in medium, and resuspend in a 
complete medium. 

Langerhans cell enrichment usually reaches up to 50%. For further purifica- 
tion of LCs, we recommend using the FACScan sorting procedure or magnetic 
beads using CDla expression as a marker for LCs. To prepare magnetic beads, 
incubate precoated with anti-mouse antibody magnetic beads (e.g., Dynobeads 
M-280 coated by sheep anti-mouse antibody) with mouse anti-human CDla, 
wash, and add cell suspension for 1 h (4°C). Wash bound cells and repeat the 
procedure three to five times. 
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Note that spontaneously migrating LCs can be collected from the culture 
medium where epidermal sheets were incubated for 2-3 d at 37 °C in a complete 
medium. In addition, dermal DCs are commonly collected after digestion of 
the dermis sample with DNase + collagenase + hyaluronidase (triple enzyme 
uuuKuui, in >3UDJieaciing j.v.a.) lunuwtu uy intensive warning aiiu isumtiun 

with specific antibody-coated magnetic beads, FACS cell sorting, or differential 

auneMun piuecuuie. 

3.3.2.2. Tumor Tissue 

A similar method (see Subheading 3.3.2.1.) is commonly utilized to isolate 
DCs from the tumor tissues. Use a triple enzyme cocktail (2-4 h at room 
temperature) for most tumors and dispase/collagenase mixture for the skin 
malignancies. After digestion, remove lineage positive cells (CD2, CD3, CD8, 
CD 14, CD 16, CD 19, CD20, CD56) using magnetic beads and purify remaining 
cells by a density gradient centrifugation (1.077 g/mL). We recommend to 
use the MACS ceil sorting procedure with paramagnetic beads for removing 
lineage positive cells. It is a fast, reliable, and reproducible procedure if one 
follows the manufacture procedures. 

\J**T* i/miiuiutivii \JI U\j uCi Id utivi I iff VIVKJ 

It has been recently demonstrated that administration of FLT3L markedly 
increases the generation and redistribution of DCs in both mice (14,15) and 
humans (16). It has been found that the treatment of advanced cancer patients 
with FLT3L expanded DCs 20-fold in vivo (17). These data allowed initiating 
several clinical trials with FLT3L in cancer patients. For instance, one of the 
ongoing clinical trials is designed to evaluate the immunologic and biologic 
activity of FLT3L and melanoma peptide antigens (MART-1, gplOO, and 
tyrosinase) versus FLT3L alone in patients with metastatic melanoma, renal 
cell cancer, colon cancer, prostate cancer, and so forth (17-19). Numerous 
successful results in preclinical murine models give hope for a certain success 
in cancer patient trials as well. 

A further development of this idea resulted in a new approach in which 
FLT3L was used to expand DCs in vivo followed by their isolation and 
readministration after the pulsing with TAAs. For instance, an interesting report 
describes a phase I clinical trial combining TAA vaccination with an approach 
to the acquisition of large numbers of DCs: the systemic administration of 
FLT3L to expand DCs in colon and nonsmall-cell lung cancer patients in vivo 
(patients received 20 [ig/kg of FLT3L up to a maximum dose of 1.5 mg via 
daily sc injections for the 10 d preceding their leukopheresis) followed by their 
isolation, antigen loading, and infusion as a vaccine (17). 
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In addition, we have recently demonstrated that administration of IL-12 in 
mice markedly increases accumulation of DCs in lymphoid and nonlymphoid 
tissues in mice \a\j,li). n is pussiuic uiai a Similar cucci can uc CApccicu 
in humans as well. Evaluation of clinical importance of this finding is in 
progress now. 

3-5- Identification of Prepared DCs 

Cultured or isolated DCs are identified by three sets of criteria: (1) distinctive 

m rvmVi r\1 r\ m c q 1 "f^Qtiir^o inr^liirhnrr \7i11r\no r^ll cnrfcir*^ \T7ith rlpnrlritir 1 nrniPftinnc 

111V1 L/llUlVfclVUl -LV^HHAJ. VJj lllVlUVUllt I111VUJ Wll JU11UVV VtlUl V*V11V^11UV L/i-V j WU Vll J 

and veils, lobulated nucleus, large Golgi apparatus, and multivescicular bodies, 

nppctci r\rm11\/ in rrmtirmi t\/ \x/itn mpmlircinp rrimnlpYPC Cy\" ( n )\ r^r\(±r\c\\\ir\\r 

\_* V/ V»-*UAV^AAW,AA V AAA VVllUllWltj TT A HI AAA Vlll i*J A W11V W111L/1VJ1VU I.***, \^l k/llVllVVJ J-/ A V 

mnrVprc inpliiHincr PYnrpccinn nf C*T}^ q f^Pi^^ f^DI 1 c T-TT A pIqcc F anrl IT 

CD80 (B7-1), CD86 (B7-2) molecules, and the lack of macrophage-restricted 

PD14. marVpr* (^ functional characteristics inclnHina n hiah Qtimnlntnrv 



L ^"" VJ- "V-' A AVI- A VllW-l %-»• ^-" V^-* A J. k^ VJ- V k-» * J. A A VA V* ^*A AA W, V*- A A A W, A A k-» VAAAA V* J- V* V X^ J 



capacity to activate proliferation of T-lymphocyte in an allogeneic mixed- 

leukocvte reaction flVTT ,R^ nhaancvtnsis nnH the ahilitv tn rvmHiicc hicrh levels 

of IL-12 upon stimulation. For detailed methodological description of these 
methods, see, for instance, refs* 5,22, and 23), 

3-6- Loading of DCs with TAAs 

Because naive T-cells specific for a given TAA occur in low frequencies and 
require APCs for activation, the in vitro induction of primary T-cell responses 
remains a significant technical challenge. Using highly functionally active 
DCs as APCs might represent a marking breakthrough for this problem. In 
addition, the capacity of DCs to traffic to the T-cell areas of the lymph nodes 
make TAA-loaded DCs the preferred cellular vehicle for the initiation of 
T-cell responses to TAAs. Thus, DCs can be used as a tumor vaccine in vivo, 
suggesting an additional therapeutic approach for the induction of antitumor 
immune responses in cancer patients. 

It is important to note here that the efficiency of loading antigen into DCs 
depends on the purity of the DC population, medium content, antigen, and DC 
activity/maturation (22). Here, we describe several protocols for DC pulsing 
with TAAs. The technique of loading may depend on the pep tide/protein, 
and the protocol should be optimized regarding the specific conditions and 
purposes. 

o.o. i. lumui mi Higei UC rufjiiutts 

1. Resuspend DCs ([5-10] x 10 6 cells/mL in 24-well plates) in a complete medium 
supplemented with 10% FCS or autologous serum and antigens for 16 h. 
Protein antigens are usually used at 5-50 u.g/mL and peptides at 10-100 \xM 
concentrations. 
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2. For a peptide-loading procedure, we recommend trying 2-h incubation in a 
serum-free medium. Note that the time of incubation of DCs with TAAs can 

Kp inrrpncpH nn tn 1 f\—\ R h 

3.6.2. Tumor Lysates 

Tumor cell lysates are often used as a TAA source. Prepare lysate by a 
repeated freeze-thaw procedure. 

1. Mince tumor tissue in a glass Petri dish in a small volume (2-3 mL) of HBSS 
(to keep the tumor moist). 

2. Prepare single-cell suspension by mechanical disaggregation (chopping into 

cnrmllpr frnampnt nr nrmchina thrnnah cipvpc nf Hpr-rp^cina ci?p^ nr pn7vmfitip 

digestion (10 ixe/mL deoxvribonuclease TDNasel. 2.5 IJ/mL hvaluronidase. and 
1 mg/mL collagenase, 2-4 h in a sterile bottle on a magnetic stirring device 
at room temperature). 

3. Let the tissue fragments to settle under lg. 

4. Isolate the dead cells by gradient centrifugation. 

5. Wash remaining cells and lyse in a serum- free AIM-V medium by three to four 
freeze cycles (on liquid nitrogen or dry ice) and thaw cycles (at room temperature 
or3/~U). 

6. Remove large particles and aggregates (200g, 10 min). 

/ . oi^iinz^ iii^ aup^iiiaiani u^ iiiauiauun ^pi^i^n^uy ui iiiuauun uiiuugn a u.z^-plni 

filter. 
8. Determine ^rotein concentration and store ali^uots at — 8Q°C. 

3.6.3. Tumor Extracts 

Tumor extract can be prepared by sonicating the tumor cells in a serum-free 
medium or water (approx f 10-501 x 10 6 cells/mL). An alternative method 
of TAA extraction, which was popular several years ago, is the stripping of 
peptides from the surface of viable tumor cells. 

1. Yvasii lumur uens in no^^. 

2. Add citrate-phosphate buffer (0.131 M citric acid, 0.066 M Na 2 HP0 4 , 0.15 M 

Mnf^l r\V\ ^ CW rfT^_1 01 v 10" r^11c/mT ^ -frvr ^ min nt rnnm t^Trm^mtiir^ 

J. 1 W,^^"l^ UAA *J %\J t \l ^^'J A ^^ W 1 WllkJJ 111L/ / i V./1 »^ 111111 fc*W 1V/V/111 1-V111L/V1 *^t- V*l W • 

3. Collect supernatant after centrifugation (3000g for 30 min). 

4. Concentrate Denudes using Ser)Pakl8 cartridge (Millioore, Bedford, MA) and 

i _■_ ^^ i ^^ ^ i ^ 

the manufacturer's recommendations. 

3.6.4. Tumor Cell Membranes 

The plasma membrane fraction of tumor cells can also be used successfully 
as a source of tumor antigens for DC pulsing. 

1. Wash tumor cells in HBSS. 

2. Homogenize with Polvtron or TTItra-Tiirrax for annrox 1 min (annrox 10 7 relk/mT ,Y 



-j-x ~ v"rr' 
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o /-i +^-P, ii- ~ i -t- i'„ii„ „j. 1 r rvr\rv _ r or\ •__ i t r\r\ r\r\r\ „ 

j. v^eiimiuge me nuiiiugeiiaie sequentially ai u,uuug iui ju 111111 anu iuu,uuu^ 
for 60 min. 

A TTcp n npllpt nc n nlncmn mpmhranp frnr>tinn 

3.6.5. Autologous Tumor 

Autologous cultured tumor cells are another source of TAAs. 

1. Collect samples of tumor tissues and place in a cold serum-free medium. 

2. Mince tissue, digest with collagenase and DNase, and wash extensively. 

3. Seed cells in the small 25-mm 2 flasks or six- well plates at a cell density of 
(0.5-1) x 10 5 cells/mL in a complete culture medium supplemented with 2-5% 
autologous serum or 5-10% FCS. 

4. Remove nonadherent cells and add fresh medium after 2-4 d. When confluent, 
collect cells and lyse by the repeated freeze-thaw method or under hypotonic 

.2 



per 25-mm 2 flask). 
Collect ly 
at -80°C. 



5. Collect lvsates. clarifv bv centrifusation. irrflHifltf 1 at 100 Gv fllinnnt anH stnrp 



Note that intact y-irradiated (200 Gy) autologous tumor cells can also be 
used to stimulate specific T-cell clones in the presence of autologous DCs 
in vitro. 



u.u.u. ruioiuy ui lj\*so vvilii i/-\/-y 



1. To pulse DCs, carefully remove 0.5 volume of medium from DC cultures. 

2. Add lysate (approx 1 : 5 [v/v] lysate : medium ratio) that was preliminary equili- 
brated for the right osmolarity (10 jxL of 10X HBSS for each 100 uL of water if 
lysate was obtained by hypotonic lysis). 

o t i_„j._ t-a/~i 'j.i_ j.i__ i j._„ r /zr\ i^r\ • „x OTor< 

j. ineuuaie uk^h wilii me lysaies iui uu-izu nun ai d i v^. 

4. Reconstitute the original volume in DC cultures with fresh medium and culture 

fnr nHHUinnal 1 R_?ZL h 



IV/l UV^V^ll-lVllWIl J- \J 



5. Harvest DCs, wash three times, and resuspend in an appropriate medium or 
solution. 

In addition, see the brief descriptions and recommendations for other 
popular, although experimental, approaches of DC loading with TAAs in 
Subheading 3.7. 

o.i. L/verview 

3.7.1. Trans lection and Transduction of DCs 

Transduction of DCs with defined TAA genes to be used as vaccines is 
a nntentiallv nnwerfnl stratesrv in cancer gene therapy. F° r instance, evaluat- 
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mg uie generation oi ^ii^s anu i-neiper cens against i/\/\ ncis.z (nuiiian 
epidermal growth factor receptor 2) using autologous CD34-derived DCs that 
have been retrovirally transduced with the HER2 gene, it has been shown that 
HER2-transduced DCs elicited HER2-specific CD8+ CTLs that lyse HER2- 

~, T , : 4- „~n„ :„ 4-u~ 4- r 4- „.c a:„4-i +. ttt a „i t „ii~i„„ /^\ a\ 

uvcicAjjicssing Luinui ucns in uie uuiiLCAL ui uisLinuL ni^t\ uiass i ancics {A*}. 

However, this strategy requires cloning of gene for TAAs, characterization of a 
specinc promoter, anu generation ui aucnuvuus ui retrovirus v^wlui expressing 
the TAA gene, as well as the preparation and characterization of anti-TAA 



■i"fc--t'«v"WTT T 



aiitiuuuj. in spite; ui auni^ Lc^iinicai anu in^uiuuuiugi^ai QlinCUlllct), a giuw- 

ing body of evidences supports the use of TAA-engineered DCs in genetic 



iniiiiuinjLii^i a\jy . 



jjv^tii \^LyjT - uwivLU anu. IllUllUL/j lv^-u.v^ii v v^ia is\^o ^cui uv^ gv^iiv^Li^cinj engi- 
neered to express TAAs. There is no common protocol available for DC 

tronp/in^tmn l-\iit~ trip rar\l-i r»oti >~v-n nafa^tiira o/ian/^inriicac ora pntl c 1 1 /■ Ck-rck.r\ ti"v r\m 

uaiiouu^uuii, uui uie i^pii^auuii-unn^u v ^ auniuvnuo^o cue ^uhlJiuw^u iu u^ 

an efficient method for transgene expression in DCs. Examples of successful 

nrntnnnlc tsw troncTAnhnn r\T nnmon F^^c tr\ AvnrAcc TA Ac orp trip T/~\ll/~\iiri-n rr* 

l_/A UIUVU1J 1V1 UU11J1WUV11 VA JAUAA±U±.L l^V^J *-V^f VAU1VOJ A^ i^ 1J CIA V~- »-±AV^ 1V11V YV lllg . 

(I) adenovirus-based transduction (25,26) and (2) vaccinia viral vector-based 

rvrr\tr\r»r\1 / / J7\ T-n Qrlr1itir\r» CX\ o TA A .AvnrAccinrv rA<"rA\7irnc Vtoc Kpph nc^rl tr\ 

1/1UI.UV/U1 \** ' /' J-** UUUlUVllj \^ ) *-*■ Ai 4i 4 V/VL/lVOJlllC, 1VL1V/Y11UJ 11UO l/VVyll UJVU V.KJ 

transduce CD34+ hemopoietic progenitor cells, which, after differentiation into 

T^r^c r«rm1rl curr'P'ccf'iilK^ cr^n^rcit^ cinti_XA A f^TT c CJSl 1Q\ Tn QnntViP'r rpnnrt 

DCs were transfected with TAA genes using cationic liposomes (lipofectin 

rp^opntl (^0 U\ Althnncrh nnlv 1n\x/ If^vpIq nf trancaprip pynrp««inn \x7ptf 1 
detected transfected Flf^Q ^x/ptp nhlF 1 tn inrlurp cnprinr* T-r-pll ar'tivntinn iinrl 

CTL responses. 

Whpn severa] methods of DC tran^fprtinn w/ptp rnmnarpH innlnHina linn- 

somes, electroporation, CaP0 4 precipitation, and adenovirus, only the last 
one has demonstrated a hi^h level of transgene expression combined with 
sustained viability (32). Other reports confirm these data. Therefore, the 
adenovirus-based transfection of DCs with TAAs should be considered as a 
method of choice. 

1. Perform transfection in a small volume of RPMI 1640 or IMDM medium 
supplemented with 2% human AB serum or FCS for 2 h at 37 °C. 

2. Wash cells twice, resuspend in a complete medium, and return to culture for 
24-48 h. If the efficacy of the transfection is low, omit the washing step after 
transfection and wash DCs after 24-48 h before use. 

However, it is necessary to remember that the use of adenovirus-transfected 
DCs might lead to the initiation of antiadenoprotein immune responses as 
well. As a potential improvement, one may construct and test next-generation 
adenoviral vectors that improve the TAA- specific reactivity and reduce viral 
immunogenicity. 
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Fusion of DCs with tumor cells is a new experimental approach, which has 
been recently used in the treatment of cancer (33,34). In this system, tumor 
cells would supply TAAs that would be presented to the host immune cells 
by DCs. Benefits for this approach are that TAAs do not need to be identified 
and the antigenic peptides would be physiologically processed and presented 
by the DCs. Only a few reports may serve as a basis for developing effective 
strategies for clinical trials. In one study, human ovarian cancer cells were fused 
to human DCs as an alternative strategy to induce immunity against known 
and unidentified TAAs. Fusions of ovarian cancer cells to autologous DCs 
resulted in the formation of heterokaryons that express the CA-125 antigen and 
DC-derived costimulatory and adhesion molecules (35). Similarly, primary 
human breast carcinoma cells were fused with autologous DCs and the results 
showed that the fusion cells also retained the functional potency of DCs and 
stimulated autologous T-cell proliferation (36). The recent study of 17 patients 
with metastatic renal carcinoma vaccinated with hybrid cells indicates that after 
vaccination and with a mean follow-up time of 1 3 mo, four patients completely 
rejected all metastatic tumor lesions, one presented a "mixed response," and 
two had a tumor mass reduction of greater than 50% (37). Because the data 
are still limited, no specific recommendations can be given for different human 
tumor cells. 

3. 7.3. Tumor DNA/RNA as a Source of TAAs 

The major limitation of using proteins or peptides isolated from the patient's 
tumor cells is the availability of substantial amounts of tumor material. The 
use of DNA or RNA, as the form of antigen loaded onto DCs, would overcome 
this major practical limitation. The mRNA or cDNA can be synthesized from 
patient tumor cells, suggesting that multiple epitopes are present. The use of 
DCs transfected with mRNA isolated from tumor cells may allow specific 
immunotherapy even in cancers for which potent rejection antigens have 
not been identified. The cDNA library or the mRNA-like product could be 
transduced into the DCs, generating transiently the functional equivalent of a 
fusion hybridoma between the DCs and tumor cells (38). Protocols for the TAA 
RNA transfection of human DCs is described elsewhere (39,40). 

3. 7.4. Apoptotic Bodies of Tumor Ceiis as a Source of TAAs 

Tumor apoptotic bodies are also used to pulse DCs. Stimulation of apoptotic 
death of autologous tumor cells can be achieved by irradiation, ultraviolet 
(UV) light, chemotherapeutic drugs, deprivation of growth factors, Fas/FasL 
interaction, using NK cells, and so forth. For instance, pulse cultured DCs 
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with melanoma apoptotic bodies obtained by the treatment of tumor cells 
with 0.5 [ig/mL of actinomycin-D for 24 h, as described (41). Deprivation of 
growth factors in cultured tumor cells causes a high level of apoptotic death 
and generates an excellent source of TAAs for a highly efficient pulsing of 
DCs. To obtain tumor apoptotic bodies, remove complete medium from cell 
culture by a simple aspiration for the adherent cultures or centrifugation for the 

nuiiauii^iQiiL tuiiiui CdlS. vycimi w^iis lwiuc 111 tuiiiui incuiuiii WlulOUt rLo anu 

culture then in this medium for 24 h. Collect floating cells and check the cell 

\iauimy Willi ti^paii uiuc. inauiatc; Uie auap^naiun ui ucau CdlS, cuiiC/^iiLian^ 

it by centrifugation, and add the aliquot to DC cultures. Remember that 
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3.7.5. Human DC-Based Clinical Trials with Cancer Patients 

1. B-Cell lymphoma (42): Monocyte-derived DCs loaded with idiotype protein 
(2 ug/mL, 24 h in RPMI 1640 with 10% autologous serum) were infused three 
times with 2 wk intervals. 

2. Metastatic melanoma (43): Monocyte-derived DCs were pulsed with tumor 
lysate or peptides and injected (106 cells) weekly into an uninvolved inguinal 
lymph node over 1 mo. Boosted immunizations were repeated after 2 wk and 
thereafter in monthly intervals. 

3. Metastatic renal cell carcinoma (44): Adherent PBMC-derived DCs loaded with 
cell lysate from cultured autologous tumor cells and keyhole limpet hemocyanin 
(KLH) and activated with (TNF-a + PGE 2 ) were administered by three iv 
infusions at monthly intervals. 

A Pi-Potato f"in^t- (d^\' r l D^4-HpriVf i H T^fV Ao.rxAo.A ™\i\\ PAOHO/1 P*-r\otatir» ctn\r\ 

phosphatase (PAP)-GM-CSF fusion protein. 

5. Prostate cancer (46.47): Dendritic cells enriched from PBMCs bv densitv gradient 
purification were cultured with recombinant mouse PAP and injected once per 
month two times by intravenous, intradermal, or intralymphatic administration. 

6. Prostate cancer (48,49): Monocyte-derived DCs were pulsed with prostate- 
specific membrane antigen (PSMA)-derived peptides (2 h, 1, or 10 u-g/mL) and 
infused four to six times at 6-wk intervals. 

7. Breast, ovarian, and pancreatic cancer (50,51): The PBMC-derived DCs were 
transfected with mucin gene (MUC1) using lipofection or pulsed with MUC1- 
derived peptides and injected sc every 3 wk. 

8. Multiple myeloma (52): The precursor DCs were isolated from PBMCs by 

r\ c£»rii^e r»f (\f*r\o\\\T rrmrlii^nt r^ntrifii ociti r»n inr-iiKnt^H unth nnrifl^rl miiltinlp' 

t-* uvuvu va uviiuiij iliuuivnt wiiti i-L u^luiivuj IHvUUCllvU TT 1 HI L/UllllVVi HXV*1 H l^/X w 

myeloma idiotype proteins for 36-48 h and administered iv once per month for 
2 mo, followed bv five monthlv sc boosts of idiotvne/KLH iniections. 

9. Melanoma (53): Monocyte-derived DCs were pulsed with a mixture of peptide 
antigens (MART-1/Melan-A, gplOO, tyrosinase) and injected iv in weekly 
interval for four or more times. 



Generation of Human DCs 455 

1 r\ a yr_i /ca cc\ . i-m_ _ tvtiA /r/~i j_„'.._jt^/^ . i „_ J „_'j.i_ j.„i ^ 

1U. IVlCltlllUIllcl \Dt,DD): 1I1C riDlVl^-UCUVCU LJK^a WCIC pUlSCU Willi aillUlUgUUS LU111U1 

cell lysate. Patients received four injections of DCs at 4-wk intervals followed 

Y\\t "3 H nf Inw-Hncp TT -9 

11. Colorectal cancer (56): Monocyte-derived DCs were pulsed with CEA 652 
peptide and injected sc every week. 

12. Metastatic colon and nonsmall-cell lung cancer (17): Mobilized FLT3L and 
isolated DCs were pulsed with CEA-derived peptide and used for vaccination. 

13. Metastatic breast cancer (57): Using autologous tumor lysate-pulsed DCs, the 
authors have demonstrated that four cycles of DCs injection into the right 
supraclavicular lymph nodes resulted in regression of bilateral supraclavicular 
lymphogenous metastasis in a 50-yr-old woman. 

14. Chronic myeloid leukemia (58): Autologous bcr/abi expressing DCs were 

gciicicucu iiuin muiiu^vic pic^ui&uis anu uscu iui s^ va^cniauun V 1 * LKJ tO 

5 x 10 7 cells). 

3.7.6. Summary 

The preliminary data from various DC-based clinical trials in cancer patients 
indicate that DC-based immunotherapy is a feasible, well-tolerated, and 
promising approach. Although various clinical trials currently utilize in vivo- 
generated DCs of a different origin and prepared under different conditions, 
many methodological problems should be addressed in order to compare 
and standardize isolation of progenitors/precursors and culture conditions. 
However, in spite of certain discrepancies and variabilities, DCs represent 
an extremely powerful tool to induce and activate specific antitumor immune 
responses both in vitro and in vivo. 

4. Notes 

1. NycoPrep solutions are different when being used with human or murine 
cells even if the density is identical. NycoPrep Animal solution has lower 
osmolality (approx 265 mOsm) than NycoPrep designed for human cells (approx 
335 mOsm). 

2. The more diluted the blood sample, the better the purity of the PBMCs. 

3. It has been reported that mobilized CD34+ cells give rise to more CFU-DC 
(colony-forming unit dendritic cells) than steady-state bone marrow counterparts 
and generate a significantly higher number of functional DCs (23). 

4. To increase the number of circulating CD34+ cells, administration of G-CSF is 

W11U11V/111> U^VU \*S^r /• 1TAVU111UVU yj WA A yj A A V^A fc*A KJ A W V V-* VV/U1VI \-/ V V*' W A A V W I* V/X-* AAV^AAA UUU1L 

volunteers who received 5 \igfkg body weight G-CSF (Amgen, Thousand Oaks, 
CA or Domne-Biotec, Milan, Italv) for 4 d (maximum of 480 us/d) and were 
pheresed on d 5. A simple and highly reproducible procedure for flow-cytometric 
enumeration of CD34+ cells in peripheral blood was described by Sutherland 
etal. (60). 
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and might be further purified based on the expression of additional cell surface 

marVprc {fit— 63) 
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6. Note that CD34+ cells collected after isolation are usually recovered in PBS 
or a diluted BSA solution. If cell culturing will be performed, transfer cells to 
the enriched medium. 

7. It is necessary to mention that additional cytokines might abrogate or alter the 
direction of dendropoiesis in cultures. For instance, in the presence of angiogenic 
growth factors such as VEGF, bFGF, and IGF-1, the cultured immature DCs 
developed into endothelial-like cells, characterized by increased expression of 
Willebrand factor, VEGF receptor-2 kinase domain region (KDR), and Flt-4 and 
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role on DC generation, but also the source of CD34+ cells may determine the 
vield of cultured cells. For instance, it was shown that the addition of IL-4 or 
IL-13 to GM-CSF+SCF+TNF-a+FLT3L-supplemented cord blood CD34+ cell 
cultures significantly increases the generation of DCs but has no effect when 
IL-4 or IL-13 was added to cultures conducted with mobilized peripheral blood 
CD34+ cells and autologous human serum (65). However, replacement of SCF 
and FLT3L with IL-4 on d 7 in mobilized peripheral blood CD34-derived cultures 
supplemented with FCS has been reported to increase the yield of CDla+ DC 
and their immunostimulatory capacity (see ref. 23). 
9. To increase the numbers of propagated DCs, one can add inhibitor of inducible 

iiuiiu uxiue syiiiiiase (n>woj (iui msuuice, iuu \Xivi L-lNAJVlfc, ui inivij^v, /vlcais, 
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(Gibco-BRL) to the culture medium. Follow these recommendations only if these 
conditions do not interact with the purposes of the study, like evaluating the 
effect of nitric oxide (NO), prostaglandin E, or peroxide -related molecules on DC 
generation or maturation. 
10. Many blood banks now use whole-blood inline filtration to produce leukocyte- 
depleted blood products. As a result, a common source of large numbers of DCs 
for research purposes, namely standard buffy coats, has been lost. An interesting 
adaptation of a conventional method for growing DCs from CD 14+ precursors in 
order to make use of these filter units has been recently reported (66). A dextran 
solution containing human serum albumin was used to flush back the filters. 

j^ilci pciicunig, inuiiuiiuuicai uciisi wcic uuiauicu uy sianuaiu ucnsii}' giauicm 
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red blood cells, and contaminating CD 14+ granulocytes were depleted by 
separation on an additional Percoll gradient. Culture of the cells and the induction 
of maturation was identical to the previously described procedures, except that 
the culture time was reduced from 7 to 5 d and the maturation time from 3 to 
2 d. Analyses of the major molecules indicative of DC maturation (CD83, CD86, 
CD208/DC-LAMP) and functional analyses of the T-cell- stimulatory capacity 
of the DC population (using the MLR assay with normal peripheral T cells 
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because the stimulation of DC maturation with inflammatory factors may increase 
the half-life of the MHC class II/antigen complex up to 10 times and may increase 
DC survival as well. In addition, it has been recently demonstrated that mature 
cultured DCs pulsed with a peptide derived from tyrosinase, MelanA/MART-1, 
or MAGE-1 and a recall antigen induced stronger antitumor T-cell responses after 
administration every 2 wk in different lymph nodes of the same patient when 
compared with immature DCs (67). This recommendation, however, may not 
apply for all protocols and should be verified for each used condition. 

12. When planning to inject DCs into humans, note that saline or Ringer solutions 

ai^ uauanj uscu. intat auiuuuna v^an uc auppi^iii^ni^u wiui I/O auiuiuguua 

serum. Do not use FCS ! 

13. Note that the direct comparison of FCS and autologous serum for the higher 
yield of DCs in cultures resulted in contradictory data. Because FCS is usually 
contraindicated for human use, we recommend comparing both supplementations 
in a pilot study. It is especially important if the designed study plans are directly 
relevant for DC-mediated vaccination programs. 

14. Note that the stimulation of DC maturation before or after pulsing with antigens 
depends on the form of TAA loading. For instance, optimal stimulation of CEA- 
specific CTLs by peptide-loaded DCs occurs when DCs from cancer patients 
are matured with CD40L before exposure to CEA peptide, whereas optimal 

„-l* 1„*.l L.. n\TA i. -C j._J T^v/~1„ 1 j.1_ _ T^/~1„ 1 J _ J „.'x1_ /-1T7 A 
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Generation of Leukemic Dendritic Cells 
from Patients with Acute Myeloid Leukemia 

Mohamad Mohty, Beatrice Gaugler, and Daniel Olive 



1. Introduction 

Allogeneic bone marrow transplantation proved to be an efficient treatment 
for patients with acute myeloid leukemia (AML). This is mainly attributed 
to the so-called graft-versus-leukemia effect mediated by the donor-derived 
immune system, especially T-cells (1). Thus, modulation of the immune 
system appears to be an attractive modality for the treatment of AML patients, 
especially those patients at high risk of relapse and who can not benefit from allo- 
geneic transplantation. More than 20 years ago, some patients with AML received 
pooled, irradiated allogeneic leukemic cells in order to enhance their immune 
system (2), At present, donor lymphocyte infusions (DLIs) following allogeneic 
transplantation is the treatment of choice for relapse in chronic myeloid leukemia 
and AML patients (3), Unfortunately, DLIs is less successful in the treatment of 
AML patients. One possible reason for this decreased efficiency of DLIs in AML 
patients could be related to the fact that AML blasts are poor antigen-presenting 
cells and fail to induce a potent and sustained antileukemic immune response (4). 

Dendritic cells (DCs) are bone-marrow-derived leukocytes that are respon- 
sible for the initiation of immune responses and exert a sentinellike function 
(5). We and others reported previously that myeloid leukemic blasts were 
able to differentiate in vitro into cells with mature DC features (6-12), These 
leukemic-derived DCs were shown to have a potent capacity to induce T-cell 
proliferation while still retaining the leukemic chromosomal abnormality of the 
original blasts. These observations constitute a unique model where the best 
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DCs necessary for tumor antigen presentation and the tumor cells themselves 
correspond to the same cell. Therefore, DCs generated from AML patients 
can facilitate an immune resp 
antileukemic T-cell responses 
In this work, we give deti 
our laboratory for the generation and functional characterization of mature 
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and M5 subtypes. 



can laciiitate an immune response tnat might neip in trie induction oi effective 
ikemic T-cell responses, 
in tuis work, we give uetaiis concerning tue optimal methods we use in 
r laboratory for the generation and functional characterization of mature 
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2. Materials 
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1. We use as complete medium RPMI 1640 (Biowhittaker, Venders, Belgium) 
supplemented with 10% heat-inactivated (56°C for 30 min) fetal calf serum 
(r^^) (BiowmttaKer, verviers, oeigium). 

2. Granulocyte-macrophage colony stimulating factor (GM-CSF) was kindly 

r\rr\\T\r\(*r\ 1r\\r NTrvtfCirti e (T\e±me* Slwit7PT*1 anrH Aliinmnte nf f^A/T-f^Qln at O 1 mrr/mT 

are stored at -80°C until use and were used for up to 1 wk after thawing. 

3. Interleukin (ID-4 was a kind sift of Sherine-Ploush Research Institute 
(Kenilworth, NJ). IL-4 is stored at -80°C as small aliquots at a concentration of 
10 ug/mL and was used avoiding repeated freeze-thaw cycles. 

4. T-Cell culture medium (defined as mixed-leukocyte reaction [MLR] medium) 
is RPMI 1640 supplemented with 10% FCS, 1 mM sodium pyruvate, 1.5 mM 
L-glutamine, 50 mg/mL streptomycin, 50 U/mL penicillin (Gibco-BRL, Life 
Technologies, Paisler, Scotland), and 5 x 10~ 5 M (3 2 -mercaptoethanol (Sigma, 
St. Louis, MO). 

2.2. Reagents and Monoclonal Antibodies 

1 ivyr^«~^i~«r.i cmtiKrw-li^c- r<TM « /dt^\ rma ^T mmi ,ina aa\ rni a /DAyrr^co\ 
1. ivAwiiuviunai aiiLiuwui^a. v^L/ia \ul^\jj, K^YJld ^iiiiinuiuj.tt;, \wi>/it ytS^rvLvJDZ,), 

CD33 (D3HL60.251), CD40 (MAB89), CD54 (84H10), CD58 (AICD58), 
CD80 (MAB104), CD83 (HB15a), anti-HLA-DR (Immu-357), anti-HLA-A,B,C 
(B9.12.1); all purchased from Beckman-Coulter (Marseille, France). 

2. CD86 (IT2.2) purchased from Pharmingen (San Diego, CA). 

3. Isotypic controls MAb used in our studies are IgGl(679.1Mc7), IgG2a (U7.27), 
and IgG2b (MOPC-195); all purchased from Beckman-Coulter. 

4. All MAbs are used as fluoresceine isothiocyanate (FITC)-, phycoerthrin (PE), 
Cy-5-conjugated MAbs. 

2.3 Cell Lines 

Murine L-cells transfected with human CD40L were kindly provided by 
Schering-Plough Research Institute (Laboratory for Immunological Research, 
Dardilly, France). L-Cells are cultured in complete medium in 25-mL cell 
culture flasks (Costar, Cambridge, MA). 
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3.1. Patients' Blood Samples and Cell Preparation 

1 . Acute myeloid leukemia heparinized peripheral blood samples should be obtained 
after informed consent at diagnosis and before any chemotherapy. 

2. Acute myeloid leukemia peripheral blood mononuclear cells (PBMCs) are 
separated on a density gradient by careful layering of 35 mL of blood over 15 mL 
of Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) in a 50-mL conical tube 
(Falcon, Becton Dickinson Labware, Franklin Lakes, NJ) followed by 20 min of 
ceniiiiugaiiuii ai ^wg ai l\j k^ in a s winging- uuukcl iuiui wiuiuui brake. 

3. The mononuclear cell (MNC) layer containing the malignant cells is carefully 
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RPMI 1640 medium (Biowhittaker, Verviers, Belgium) containing 10% FCS and 
centrifuged at 300g for 10 min at 20°C. 

4. After carefully removing the supernatant, the cell pellet is resuspended in 50 mL 
of RPMI/10% FCS; viable cells are counted by trypan blue exclusion. 

5. For cryopreservation, 1-mL aliquots of cell suspension ([10-20] x 10 6 /mL) in 
RPMI medium containing 20% FCS and 10% dimethyl sulfoxide (Sigma, St. 
Louis, MO) is rapidly transferred in 1.8-mL cryotubes (cryotube vials; NUNC 
Brand Products, Roskilde, Denmark), frozen to -80°C, and, finally, transferred 
into the gas phase of liquid nitrogen until use. 

3.2. Culture of Leukemic Blasts 

1. Leukemic blasts are thawed in a 37°C water bath, then subsequently transferred 
in a 50-mL conical tube containing complete medium for washing. 

2. After 10 min of centrifugation at 300g, cell pellets are resuspended in complete 

mcuiuin anu ucn viciuiiii}' cvaiucucu uy Liypan uiuc cauiumuii. 

3. Viable cells are suspended at 0.5 x 10 6 cells/mL in complete medium supple- 
mented with 100 ng/mL CM-CSF and 20 ng/mL IL-4. 

4. Cell culture is performed by plating 4 mL of cell suspension in six-well tissue 
culture plates (Costar, Cambridge, MA) and incubating at 37°C and 5% C0 2 . 

5. On d 3 of culture, medium is replenished with both cytokines GM-CSF 
(400 ng/well) and IL-4 (80 ng/well). 

6. On d 5, final maturation of DCs is induced by adding 75-Gy-irradiated CD40L- 
transfected cells (2 x 10 5 /well) for 48 h. 

7. Differentiation of leukemic blasts into DCs can be observed as soon as d 3 (see 
Note i) with various proportions of ceils displaying DC features among patients 
studied (see Fig. 1). 

3.3. Flow Cytometry Analysis 

1. Cells are harvested after 7 d of culture and washed. 

2. To minimize FcR-mediated MAb binding, cells are incubated for 1 h at 4°C 
before staining in phosphate-buffered saline (PBS) supplemented with 30% 
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Fig. 1. Morphology of leukemic DCs. Leukemic DCs display dendritic morphology, 
as shown by interferential contrast transmission microscopy (lOOx), 



human AB serum (AbCys, Paris, France), containing a high concentration of 
human IgG. 

3. Cells are then transferred into V-bottomed 96-well microplates at a density 
of (2-A) x 10 5 cells/well in 100 u.L and labeled by incubating with the mAb 
for 30 min, 

4. After washing, cells are fixed in PBS +2% formaldehyde and analyzed using a 
FACSCalibur flow cytometer. 

5. Dead cells and debris are gated out on the basis of their light-scatter properties. 
Data for 5000-10000 gated events are acquired and analyzed using CellQuest 
software (BD Biosciences), 

6. This immunophenotypic analysis can indicate the percentage of leukemic blasts 
that can acquire the expression of CD83, which is a marker of mature DCs (13) 
and, to some extent, CD la molecules. CD 14 is downregulated on leukemic DCs. 
Like normal monocyte-derived DCs, leukemic DCs express the costimulatory 
molecules CD40, CD80, and CD86. The expression of HLA-ABC and HLA-DR 
is also upregulated. When examined, the expression of the adhesion molecules 
CD54 and CD58 is also upregulated. The expression of CD83 and costimulatory 
molecules can be considered as the major phenotypic features that can help to 
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define the maturation pattern of the leukemic blasts toward the DC lineage (see 
Fig. 2). (See Note 2.) 

3.4. MLR Experiments 
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of DC function. Thus, leukemic DCs generated in vitro should be assessed for 
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1. To evaluate T cell proliferation capacity, graded numbers of irradiated (50 Gy) 
leukemic DCs are cocultured with 1 x 10 5 allogeneic naive CD4+ T cells in 
96- well flat-bottomed plates for 6 d in T-cell culture medium (MLR medium), in 
a final volume of 200 ^iL in triplicates. 

2. Proliferation of T cells is monitored by measuring methyl- ( 3 H)thymidine 
incorporation during the last 12 h of culture on a gas-phase p-counter. 

4. \Tnnra PTl/l_L T^ /-»£illn /-»«-»»■» na r\rcnr\riircir\ Ttrvtn n/inlt /irttinf L)Tj\4f^n naftntnTfllif 
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depleted of CD8, CD14, CD19, CD56, and CD45RO+ cells using goat anti- 
mouse Ig-coated magnetic beads (Beckman-Coulter) according to the manufac- 
turer's instructions. Ninety-eight percent of the resulting cells are usually 
CD4+CD45RA+ as controlled by FACS analysis. 
4. Normally, leukemic DCs can efficiently stimulate the proliferation of naive 
CD4+ T cells. In the same experiments, autologous fresh leukemic blasts and 
normal PBMC from healthy volunteers induce very weak, if any, proliferation 
of naive allogeneic T cells. 

3.5, Cytokine Production Assay 

It has been previously shown that ligation of CD40 on DCs triggers IL-12 
production. IL-12 stimulates natural killer (NK) ceils, mediates T-celi develop- 
ment, and fosters cytotoxic T-lymphocyte (CTL) differentiation. Thus, for 
optimal immunotherapeutic strategies, DCs derived from leukemic blasts 
should produce the largest amounts of IL-12. We usually measure IL-12p70 in 
DC supernatants within 48 h after CD40L activation: 



1. Suoernatants of leukemic DC cultures are harvested at d 7 and crvonreserved 
for further analysis. 

2. The IL-12p70 content is evaluated by standard enzyme-linked immunosorbent 
(ELISA) assays using reagents set OptEIA™ (Pharmingen, San Diego, CA). 

3. The ELISA assays are performed according to the manufacturer's instructions. 



h. Notes 



1. After culture, leukemic cells displayed dramatic morphological changes with 
variable size increase, cytoplasmic protrusion and irregular cellular membrane 
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as soon as d 3 in some cases. As previously reported (6—12), various percentages 
of cells with DC features can be obtained using the widely used combination 

nf frlVf-f~\^TH £tnH TT -A V\r\w7C*\7C>r in nrmn\f rpnnrtc cnmp nnthnrc nHHpH tumnr 

Vi ^J IT -M. ^+S\*J X dJ-J-V^ llJ I * J- iV TT V T V^J- • JLJLJL 111U11 V 1VU Vi HJ • U V-1.JLJLV wt-v* uiv± lj CLvJ-VJ-V/wl tvniivi 

necrosis factor (TNF)-ct in their cytokine combination (7,11,14,15) because 
normal CD34+ stem cells can be differentiated into DCs by the use of GM-CSF 
and TNF-a (16). All of these cases concerned patients with chronic myeloid 
leukemia where the leukemic counterpart of the CD34+ stem cells can be found. 
In our experiments, we prefer the combination of GM-CSF and IL-4, used for 
the generation of DCs from circulating monocytes (17). For many reasons, it is 
unlikely in AML patients that CD34+ blasts might contribute to the generation of 
a major fraction of the leukemic DCs. Combined analyses of stem cell phenotypic 



anugen expression, geneuc lesions ana oioiogicai ieaiures provide evidence 

uiai inajui uni^itiiv^a caisl utLwctn iiuiinai aiiu niaiigiiaiii jjiugtiinuia \±oj. 

Furthermore, GM-CSF and IL-4 combination did not prove in vitro to induce DC 

Hiffprpntintinn from normal Qtpm cells Finallv Hiffprpntifltinn nf efficient DCs 

from normal stem cells requires a longer period of culture (16). This is not the 
case in our culture system, where fully mature leukemic DCs could be obtained 
after a maximum of 7 d, and in much shorter periods in the majority of cases. 

In summary, the goal of our work is to induce leukemic blasts that differentiate 
into functional cells with antigen-presenting and DC features. Our culture 
system proved that leukemic DCs can be generated in a wide range of AML 
patients in the presence of GM-CSF, IL-4, and CD40L. Leukemic DCs exhibit 
a DC morphology, had a phenotype of mature DCs, and can induce a potent 
proliferative response in naive CD4+ T cells. Because leukemic DCs are an 

protocols for the adjuvant treatment of AML patients, the experimental approach 
described should be considered as a prerequisite before any immunotherapeutic 
applications. 
2. The leukemic origin of these leukemic-derived DCs from AML patients was 
clearly established in previous studies by confirming the presence of cytogenetic 
abnormalities in fluorescence in situ hybridization (FISH) experiments. Thus, we 
do not feel that it is necessary to perform FISH experiments systematically. 
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